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PREFACE. 



The employment of electricity as a method of physical dia- 
gnosis in diseases of the nervous system is now recognised by 
nenrologists as an important aid in their investigation. As 
information on the subject is more widely extended, this fact 
is being impressed upon the profession in general. 

It has frequently been pointed out to the author, by 
students and others, that we do not possess in the English 
language any practical systematic work devoted to this subject. 
In the following pages an attempt is made to supply this want. 

The task has been by no means an easy one. Our know- 
ledge of the whole question is imperfect, its literature is 
limited, and its doctrines are uncertain and conflicting 
in their testimony. This treatise professes to supply in a 
condensed form all that is definitely known of the subject up 
to the present time. 

Without claiming to contain new discoveries the contents 
of this book are so far original, that all the facts therein ad- 
vanced have been verified personally by the author, and all 
the cases detailed, have with one exception, been observed and 
reported by himself. Of these the large majority have been 
under his own treatment, and as regards the exceptional few 
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he is indebted to his colleagues and friends for permission to 
place them on record. 

The cases reported are not intended in every instance to be 
a complete clinical record. Such particulars are only given 
as serve to establish the diagnosis. 

This treatise is, therefore, only what it professes to be, 
the systematised experience of a practical worker, and aims 
at conveying to its readers the means of utilising at the bed- 
side a physical agent of great value, in the investigation of 
an obscure class of diseases. 

The author has to acknowledge the kind help of Mr. 
Charles Hebbert for his assistance at many of the clinical ob- 
servations, and for the revision of the proof sheets of this 

volume. 

A. H. B. 

Loin)ON. 

July, 1882. 
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DESCEIPTION OF PLATE I. 

SUPBRPIOIAL MUSCLBS AND NbRVBS OP THB HbAD AND NbCK. 



0. Motor point of Corrugator Supercilii muscle. 

1. Motor point of Frontalis muscle. 

2. Motor point of Anterior Auricular muscle. 

3. Motor points of Orbicularis Palpebrarum muscle. 

4. Motor point of Pyramidalis Nasi muscle. 

5. Motor point of Triaiigularis Nasi muscle. 

6. Motor point of Levator Labii Superioris Alseque Nasi muscle. 

7. Motor points of Orbicularis Oris muscle. 

8. Motor point of Levator Labii Superioris muscle. 

9. Motor point of Levator Menti muscle. 

10. Motor point of Depressor Labii Inferioris muscle. 

11. Motor point of Depressor Anguli Oris muscle. 

12. Masseter muscle. 

13. Motor point of Levator Anguli Oris muscle. 

14. Motor point of Zygomaticus Major muscle. 

15. Motor point of Zygomaticus Minor muscle. 

16. Nerve Trunks of Tempero-facial nerve. 

17. Nerve Trunks of Cervico- facial nerve. 

18. Motor point of Stylo-hyoid muscle. 

19. Anterior belly of Digastric muscle. 

20. Motor point of posterior belly of Digastric muscle. 

21. Trunk of Hypoglossal nerve. 

22. Motor point of Sterno-mastoid muscle. 

23. Trapezius muscle. 

24. Motor point of Spleuius Capitis muscle. 

25. Spleuius Colli muscle. 

26. Levator Anguli Scapulae muscle. 

27. Posterior Scalenus muscle. 

28. Middle Scalenus muscle. 

29. Anterior Scalenus muscle. 

30. Posterior belly of Omo-hyoid muscle. 

31. Sterno-hyoid muscle. 

32. Motor point of anterior belly of Omo-hyoid muscle. 

33. Motor point of Thyro-hyoid muscle. 

34. Myl(»-liyoid muscle. 

35. Hyo-glossus muscle. 

36. Trunk of Superficial Cervical nerve. 

37. Trunk of external branch of Spinal Accessory nerve. 

38. Trunk of branch to Rhomboid and Serratus muscles. 

39. Trunk of branch to Levator Anguli Scapulae muscle. 

40. Trunk of branch to Supra> and Infra-spinatus muscles. 

41. Trunk of Phrenic nerve. 

42. Trunks of Cervical Plexus. 

43. Motor points of Buccinator muscle. 

44. Motor point of Sterno-hyoid muscle. 
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BESCRIFnON OF PLATE II. 

SuPERnciiLi. MuBCLVB ^3^ Nebvbs of ths Aittbrior Aspect 

OF THS TrUSX ASD UpPBR ElTRKMITT. 

1. Motor point of Pectoralis Major nmacle. 

2. Brachial Plexus. 

3. Motor point of Serratos Magiius muscle. 

4. Motor points of External Oblique muscle. 

5. Motor point of Latissimus Dorsi muscle. 

6. Motor point of Internal Abdominal Oblique muscle. 

7. Motor points of Rectus Abdominis muscle. 

8. Motor point of Deltoid muscle. 

9. Motor point of Biceps muscle. 

10. Motor points of Brachialis Anticus muscle. 

11. Triceps muscle. 

12. Trunk of Median nerve. 

13. Trunk of Ulnar nerve. 

14. Trunk of musculo-spiral nerve. 

15. Motor points of Pronator Radii Teres muscle. 

16. Motor point of Flexor Carpi Radialis muscle. 

17. Motor point of Palmaris Longiis muscle. 

18. Motor point of Flexor Carpi Ulnaris muscle. 

19. Motor point of Supinator Longus muscle. 

20. Motor point of Flexor Sublimis Digitorum muscle. 

21. Flexor Sublimis Digitorum muscle. 

22. Motor point of Flexor Longus Pollicis muscle. 

23. Flexor Profundus Digitorum muscle. 

24. Motor point of Abductor Pollicis muscle. , 

25. Motor point of Opponens Pollicis muscle. 

26. Motor point of Flexor Brevis Pollicis muscle. 

27. Motor point of Adductor Pollicis muscle. 

28. Motor points of Lumbricales muscles. 

29. Motor point of Abductor Minimi Digiti muscle. 

30. Motor point of Flexor Breyis Minimi Digiti muscle. 
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DESCEIPTION OP PLATE III. 

SuPEBFiciAL Muscles aitd Nerves op the Posterior Aspect op 

THE Trunk and Upper Extremity. 

1 . Motor point of Trapezius muscle. 

2. Infra-spinatus muscle. 

3. Rhomboid Major muscle. 

4. Teres Minor muscle. 

5. Teres Major muscle. 

6. Motor point of Latissimus Dorsi muscle. 

7. Trunk of Circumflex nerve. 

8. Trunk of Musculo- spiral nerve. 

9. Deltoid muscle. 

10. Motor point of long head of Triceps muscle. 

1 1 . Motor point of external head of Triceps muscle. 

12. Motor point of Brachialis Anticus muscle. 

13. Trunk of Ulnar nerve. 

14. Motor point of Anconeus muscle. 

15. Motor point of Supinator Longus muscle. 

16. Motor point of Extensor Carpi Radialis Longior muscle. 

17. Motor point of Extensor Carpi Radial Brevior muscle. 

18. Motor point of Extensor Communis Digitorum muscle. 

19. Motor point of Extensor Indicis muscle. 

20. Motor point of Extensor Minimi Digiti muscle. 

21. Motor point of Extensor Carpi Ulnaris muscle. 

22. Motor point of Flexor Carpi Ulnaris muscle. 

23. Motor point of Extensor Ossis Metacarpi PoUicis muscle. 

24. Motor point of Extensor Primi Intemodii PoUicis muscle. 

25. Motor point of Abductor Minimi Digiti. 

26. Motor points of External Interrossei muscles. 

27. Motor point of Adductor PoUicis. 
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DESCRIPTION OF PLATE IV. 

SUPEBFICIAL MUSOLES AND NbBYES OF THE AnTSBIOR AsPEGT OF 

THE LOWEB EXTBEMITT. 

1. Trunk of Anterior Crural Nerve. 

2. Gluteus Medius muscle. 

3. Motor points of Tensor Vaginae Femoris muscle. 

4. Motor point of Sartorius muscle. 

5. Psoas and Iliacus muscles. 

6. Motor point of Pectin eus muscle. 

7. Trunk of Obturator nerve. 

8. Motor point of Adductor Longus muscle. 

9. Motor point of Gracilis muscle. 

10. Adductor Magnus muscle. 

11. Motor points of Rectus Femoris muscle. 

12. Motor points of Vastus Fxternus muscle. 

13. Motor point of Vastus Internus muscle. 

14. Trunk of Peroneal nerve. 

15. Motor points of Soleus muscle. 

16. Motor point of Peroneus Longus muscle. 

17. Motor point of Extensor Longus Digitorum muscles. 

18. Motor point of Tibialis A nticus muscle. 

19. Motor point of Peroneus Brevis muscle. 

20. Motor point of Gastrocnemius muscle. 

21. Motor point of Peroneus Tertius muscle. 

22. Motor point of Extensor Longus PoUicis muscle. 

23. Motor point of Extensor Brevis Digitorum muscle. 

24. Motor point of Abductor Pollicis muscle. 

25. Motor point of Abductor Minimi Digiti muscle. 

26. Motor points of external Interossei muscles. 
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DBSOEIPTION OF PLATE V. 

SUPBBFZOIAL MUSOUBS AITD NSBVES OF THE PoSTSBIOB ASPEOT 

OF THB Lower Extbbuitt. 

1. Gluteus Medius muscle. 

2. Motor point of Tensor Vaginae Femoris muscle. 

3. Gluteus Maximus muscle. 

4. Trunk of Great Sciatic nerve. 

5. Motor point of Vastus Externus muscle. 

6. Motor points of short head of Biceps muscle. 

7. Motor point of long head of Biceps muscle. 

8. Motor point of Semitendinosus muscle. 

9. Motor point of Semimembranosus muscle. 

10. Motor point of Adductor magnus. 

11. Gracilis muscle. 

12. Sartorius muscle. 

13. Trunk of Internal Popliteal nerve. 

14. Trunk of External Popliteal nerve. 

15. Motor points of Gastrocnemius muscle. 

16. Motor points of Soleus muscle. 

17. Flexor Longus Digitorum muscle. 

18. Trunk of Posterior Tibial nerve. 

19. Peroneus Longus muscle. 

20. Peroneus Brevis muscle. 
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A PRACTICAL TREATISE ON 

ELECTEO-DIAGNOSIS 

IN 

DISEASES OF THE NERVOUS SYSTEM. 



CHAPTEE I. 

Introduction — Elbctricity as a Physical Aqent in the 
Diagnosis op Diseases of the Nervous System. 

The advances which medicine has made during the last 
generation as a practical and scientific art, is in great 
part the result of the application of physical agents to the 
purposes of diagnosis. From the earliest period of its history 
to comparatively recent times, the accurate appreciation of 
disease in the living suhject has been in the highest degree 
unsatisfactory, depending as it did upon the vague and un- 
certain statements of the patient, and the symptoms observed 
during life by the unaided senses of the physician, hence 
the comparative uselessness of the vast number of accumu- 
lated observations and opinions recorded during many cen- 
turies. As general knowledge advanced and the members of 
our profession received a more liberal and universal educa- 
tion, physics in its various branches has been taken advan- 
tage of as a means of assisting and supplementing our powers 
in the investigation of morbid states. Acoustics, optics, 
mechanics, and chemistry, more especially, have up to the 
present, chiefly lent their valuable aid in this direction, and 
as our learning further advances doubtless other branches of 

B 



2 ELECTBO- DIAGNOSIS. 

physics will be enlisted for the same object. It is unneces- 
sary to advocate the importance of the stethoscope, the 
ophthalmoscope, the laryngoscope, the microscope, the spe- 
culum, the thermometer, and many other such instruments 
employed for the purpose of exact precision and research. 
Besides revealing to us conditions which without their aid 
would be unknown, they give us the means of establishing, 
demonstrating, and recording, healthy and diseased states in 
a manner at which our forefathers could only surmise, thus 
raising medicine from a calling of mere speculation and 
hypothesis, to as near an approach to an exact science as a 
study of Hving beings can attain. In this way the diagnosis 
of many diseases formerly impossible or uncertain is by these 
physical means now reduced to a certainty. Affections of the 
eye, the throat, and other cavities of the body can be 
thoroughly explored, and their condition displayed, the state 
of the organs in the chest, the existence of fever, and a 
variety of other morbid states can be demonstrated with an 
accuracy and recorded with a precision which a century ago 
would have been impossible. This improved diagnosis must 
necessarily in turn have a beneficial effect, on what after .all 
is the final aim of our art, namely the successful treatment 
of disease, as a rational knowledge of the nature of the mor- 
bid state, must always preceed the intelHgent attempt at its 
cure. 

A large and important class of diseases, namely those of 
the nervous system, have more especially baffled our attempts 
in this direction, and when we consider what complicated 
and delicate structures are here involved, our comparative 
ignorance of even their healthy functions, and our still 
greater want of knowledge of their conditions in disease, 
any agent which can throw Hght on these difficult problems, 
cannot fail to prove of immense practical service. In com- 
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paratively recent times electricity in its different forms has 
been utilised for this purpose, and although at present our 
knowledge of all its advantages is as yet imperfect, there are 
already enough facts to indicate the great practical impor- 
tance of the subject, and to point to a vast field of research, 
which will doubtless lead to future profit. In the arts, elec- 
tricity, as a physical agent, has taken a place, probably 
second to none, in contributing to the comfort and con- 
venience of mankind, and daily do we see introduced new 
applications of its marvellous powers, employed in useful 
directions. In medicine its position hitherto has not been so 
firmly eslabhshed amongst the mass of the profession, as 
possibly its importance deserves. It is not my purpose to 
enter into all the causes of this neglect, beyond suggesting 
that doubtless the expense, complication, and labour hitherto 
connected with the apparatus, combined with a want of 
knowledge of its properties, has in great measure rendered 
its use inpracticable and unpopular. This feeling has further 
been fostered by the fact that for a long time, and probably 
for the reasons stated above, the treatment of disease by 
electricity has chiefly remained in the hands of specialists, 
and often in those of unscrupulous persons who have brought 
discredit upon the asfent by utilising it for their own, rather 
than for scientific or public advancement. A prejudice has 
thus arisen against electricity generally as applied to medi- 
cine, which may take time to eradicate, but if its principles 
be genuine and its advantages substantial this will soon be 
effected, and indeed in great part this has already been 
attained. In these days a physician totally ignorant of the 
elements of electricity, and their practical applications in 
paralytic affections, must be looked upon in the same light as 
that of the older practitioner, who from his inability to use it, 
refused to admit the utility of the stethoscope, and who in 

b2 
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consequence failed to take advantage of the means of 
diagnosis with which modem discovery provided him. The 
question of expense, bulk, complication, and knowledge of 
electrical apparatus and it properties, although by no means 
yet perfect, is sufl&ciently so for practical purposes, and the 
above mentioned prejudices can in no way reasonably apply 
to its appHcation in diagnosis ; no one need therefore excuse 
himself from entering upon an investigation calculated to 
facilitate our researches into the nature of so obscure and 
complicated a class of diseases as those of the nervous system. 
The question may now be asked — In what way does 
electricity assist us in diagnosis ? This may be briefly 
answered thus. It enables us accurately to determine the 
anatomical conditions of nerve and muscle, as it has been 
ascertained that these bear a constant relation to the elec- 
trical reactions. At first sight this appears a small matter, 
but on consideration it will be found that the knowledge 
thus attained is no less important than that derived from 
the other physical sources we are accustomed to rely upon 
in the diagnosis of disease. Take the most popular of all 
these as an example — the stethoscope. This instrument 
reveals to us certain sounds within the body which are, after 
all, very limited in number. These by themselves prove Httle 
or nothing, but when combined with other methods of re- 
search, such as palpation, percussion, etc., they enable us 
with great exactitude to arrive at the anatomical condition of 
the organs. This, again, in association with the history, 
symptoms, and other circumstances of the whole case finally 
permit us to complete our diagnosis. Precisely in the same way 
we do not by electricity alone profess to settle all the difficult 
and complicated problems met with in diseases of the nervous 
system, but, as with the stethoscope, we determine by its aid 
certain physical changes in the tissues, the knowledge of 
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which, in conjunction with all the other bearings of the case, 
materially assists us in arriving at a correct and scientific 
conclusion. We shall afterwards see that in health the 
various currents produce weU marked and definite pheno- 
mena when applied to nerve and muscle, and so constant are 
these that fixed laws can be deduced for our guidance. We 
shall also find that in disease these conditions are in propor- 
tion altered. It is the careful consideration of the relations 
which exist between these two states, and the practical advan- 
tages which result therefrom, which constitutes the art of 
electro-diagnosis. In this way, by demonstrating the his- 
tological condition of nerve and muscle, we obtain most 
valuable information concerning the functional activity, as 
well as the anatomical state of two great systems, namely — 
the peripheral nerves, and the muscles. This by itself opens 
out a wide field of practical utility, involving as it does the 
diagnosis and prognosis of injuries and diseases of all the 
nerve trunks of the body, and their terminations, also all the 
numerous affections to which muscular tissue is liable. Not 
only is such knowledge most important in determining the 
nature and extent of disease in these structures themselves, 
but recent investigations have indicated that from such alter- 
ations we can frequently infer the condition of distant parts 
and centres, such as the spinal cord and brain. It will be 
shown that in certain forms of paralysis from disease of the 
cord, trophic and electrical changes ensue, which are so cha- 
racteristic as to enable us with great certainty to differentiate 
between them, and also from the peripheral lesions already 
referred to. Again, loss of motion from cerebral affections 
are succeeded by tolerably uniform results, totally different 
from those caused by disease in other portions of the nervous 
system. Thus, whether loss of voluntary motion is due to 
failure of muscle, peripheral nerve, cord, or brain, electrical 
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tests in each give distinctive evidence, which often, by itself 
alone, determines the exact diagnosis, and without which a 
decision would be uncertain or impossible. 

Such in general terms is the object we attempt to arrive at 
with electro-diagnosis. Like every other new art there are 
difficulties to be contended with in acquiring skill and dexterity 
in its application, and in eliciting useful facts. These, for- 
tunately, are not insurmountable, but from the complicated 
nature of the structures involved, and the delicate manipu- 
lations necessary for their investigation, — knowledge, care, 

* 

and patience — will always be required. 

Before proceeding to the clinical aspects of electro- diagno- 
sis, certain preliminary information is necessary on the part 
of those desiring to profit by its revelations. For the 
convenience of those who wish systematically to study this 
subject, it is proposed to consider the subject under the 
following heads. 1st. The apparatus essential for diagnostic 
purposes, without in any way entering upon the subject of 
electricity proper more than is necessary to give an intelligent 
explanation of the instruments required. 2nd. The anatomi- 
cal knowledge necessary for conducting the enquiry, consist- 
ing of diagrams of the superficial muscles and nerves . of the 
body, and the termination of the latter in the former. Also, 
without entering too deeply into topographical descriptions, to 
explain such details as are indispensable for actual practice. 
8rd. The action of electricity on healthy tissues, and the 
results of physiological enquiry and experiment. 4th. The 
action of electricity on diseased tissues, and the results of 
pathological observation and research. 5th. A series of 
clinical cases in which the electrical reactions are illustrated 
in all the chief forms of paralysis from every source, with a 
consideration as to how far these phenomena assist us in 
diagnosis and prognosis. 
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CHAPTER II. 

The Apparatus Necessary for Electro- Diagnosis. 

In following out any method of research which requires for 
its elucidation the aid of physical agents, for success to be 
ensured, it is necessary that we should become acquainted 
with the general principles of the science which is to guide 
us, and with the construction of the instruments we employ. 
This is especially important in electrical investigations, as, 
in order to arrive at accurate conclusions, a certain know- 
ledge of the subject, as well as manipulative dexterity is 
essential. It would be entirely out of place here to enter 
into details concerning either the science of electricity in 
general, or the mechanism of the various batteries and other 
apparatus in particular, as such are to be found in the 
numerous text-books and treatises which deal with these 
questions. In beginning this enquiry it must therefore be 
assumed that the student has already mastered the elements 
of the science of electricity, as well as the general method of 
its practical application in medicine. Without professing to 
enter at length into these important matters, it is at the 
same time necessary, in dealing with a special subject, to 
make some reference to the mechanical agents associated 
with it. As far as our knowledge of electro-diagnosis has 
yet advanced, certain forms of electricity and special mechan- 
ical contrivances are essential, and to these, and these alone, 
will reference be made, and only such brief considerations 
will be advanced as seems necessary for the guidance of the 
worker at the bed-side. 



i 
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For the purposes of electro-diagnosis two forms of current 
are absolutely necessary, — the Induced or Faradic, and the 
Continuous or Galvanic. 



The Induced or Faradic Gubbent. 

The apparatus from which this is derived consists of — 
1st, a battery of one, two, or more elements ; 2nd, a primary 
coil of short thick wire ; 8rd, a bundle of iron rods inside the 
primary coil ; 4th, an automatic interruptor ; 5th, a second- 
ary coil of long thin wire ; and 6th, an apparatus for chang- 
ing the relative position between the primary and secondary 
coils, and thus regulating the strength of the induced current. 
The different arrangements of these essential parts constitute 
the variety of Faradic machines met with in commerce, and 
many of these have attained a most convenient and useful 
form. Whatever special shape the apparatus may take, cer- 
tain particulars are requisite and absolutely essential for 
diagnostic purposes, and in selecting a battery care must be 
taken that none of these are absent. 1st. The battery must 
be sufficiently powerful, as for investigating the condition of 
diseased nerves and muscles we frequently require a current 
much stronger than is ever employed in treatment. 2nd. As 
the secondary current is usually selected for diagnosis, there 
must be some means of regulating its strength. At one time 
we may require a very feeble and dehcate current, and at 
another the most powerful attainable from the battery. An 
apparatus is necessary not only to afford us each of these, 
but any intermediate strength that may be desired, and 
means must exist to enable us to pass from the weakest to 
the strongest applications very gradually, so as to avoid 
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shocks and unnecessary pain. 8rd. A method of measuring 
and recording the strength of the secondary current, so that 
the same amount can again he referred to. This is easily 
accomplished hy mechanical arrangements which regulate 
the distance between the two coils ; and 4th. The interrup- 
tions of the current must be so arranged that they can be 
made as slow or as rapid as the operator pleases. 

These various requirements are carried out more or less 
successfully in most of the machines to be obtained from 
ordinary makers, if not they are useless for the purposes of 
electro-diagnosis. The power of the Faradic current de- 
pends : 1st, on the strength of the battery current ; 2nd, on 
the thickness and length of the primary coil ; 8rd, on the 
thickness and length of the secondary coil, and 4th, on the 
relative position between the two coils. In the various 
machines as at present constructed, the coils can be arranged 
to a certainty, as well as the relations of one to the other, 
and the number of interruptions made to the current can be 
exactly determined ; but we have no means of regulating the 
strength of the battery current which is to pass through the 
primary coil. This last can be measured by a galvanometer, 
but we have no means of so modifying its power as to obtain 
the exact amount of electricity we may require. A perfect 
instrument would be one in which a current that could be 
measured and regulated at will, was passed through the 
primary coil, the wire of which was of a known thickness and 
length, this inducing a current in a secondary coil also of 
ascertained composition. The secondary current thus in- 
duced with its interruptions would then be capable of mea- 
surement with exactitude. For some time past I have 
endeavoured to devise some means of carrying these require- 
ments into execution, but hitherto without success, the great 
diflBculty being to regulate the strength of the primary cur- 
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rent. Doubtless those better acquainted with the subject of 
electro-physics than I profess to be, will some day be more 

• 

fortunate, in which case they will provide the physician with 
a more accurate instrument than we now possess, and which 
will prove of the greatest practical and scientific value. At 
present we are dependent for the constancy of the primary 
current, on the stabihty of the cells employed, and although 
these are selected of such a kind as will vary in power as 
little as possible, still even these undergo constant changes 
under diJBferent conditions, which renders the secondary cur- 
rent variable. For practical purposes, however, it has been 
found that this arrangement, if it cannot be looked upon as an 
exact instrument for very delicate me^isurements, gives a cur- 
rent which is suitable for comparative and all ordinary clini- 
cal observations. As to the exact form of the battery to be 
selected, that depends upon the fancy of the purchaser, the. 
the chief point to be attended to, is that it possesses all the 
requirements mentioned above. If size is of no object, and 
the battery is to be a stationary one, the larger the apparatus 
is the more durable and less likely to go out of order it will 
be. If portability is required there is no difficulty in suiting 
every taste.* 

* A point not altogether unimportant is the cost of a Faradio apparatus. 
The price of most makers is unnecessarily exorbitant, as in reality the ele* 
ments of which it is composed are not expensive. If the proper quarters are 
discovered a battery can be had for a very reasonable price. One suitable 
for all the purposes of diagnosis and treatment, capable, if carefully treated, 
of lasting in good condition for several years without repairs, should be pur- 
chased for a sum not exceeding two guineas. Gaiffe's induction apparatus 
can be bought for £l Is., and is so far convenient that it can be carried in 
the pocket, and is therefore very useful in private practice. For hospital 
and consulting room work, a larger machine is preferable. 
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The Continuous or Galvanic Current. 

This is derived from a battery properly so called, consist- 
ing of a number of elements arranged in series. A great 
variety of diJBferent forms of cell are in use for clinical 
purposes, a description, or even enumeration of which is 

• 

here unnecessary. For electro-diagnosis certain essentials 
are required, whatever kind, of galvanic battery is used. 
1st. The current must be sufficiently powerful. This cannot 
be estimated by the number of cells, as the different kinds of 
elements vary greatly in strength, and the power of the same 
cell changes under certain conditions. For diagnostic pur- 
poses a battery must be capable of developing a force of at 
least 75 volts (the electrical unit of strength). For example, 
a Leclanch^ cell generates a strength of about 1^^ volts, hence, 
if these elements are employed, a battery of 50 cells is re- 
quired. Whatever form of cell be used, a proportionate 
number must be employed to make up the standard strength 
above stated. 2nd. Constancy and durability are of the 
greatest importance in medical batteries, and depend entirely 
upon the nature of the element used. Taking again the 
Leclanch^ cell as an example, — a battery of these has been 
found to be sufficiently constant for all practical purposes ; 
and as to durability, it wiU last in good condition, with 
moderate use, for several years, and without requiring any 
repairs whatever. There are several modifications of the 
Leclanch^ element, which are said to be improvements, but 
in the event of any doubt existing as to the choice of a 
battery, the physician can scarcely be wrong in providing 
himself with one from that maker. 8rd. PortabiHty. — A 
battery for the hospital and consulting room should consist 



12 ELECTBO-DIAGNOSIS. 

of large stationary cells, as they are the cheapest, most dur- 
able, and less liable to get out of order. Even when port- 
ability is necessary, it is best not to procure too small elements 
as these generally prove unsatisfactory. A workable battery 
to be carried about, for diagnostic purposes is the ordinary 
40 cell Leclanch^.* 4th. Certain accessories are essential and 
must accompany the galvanic battery. These consist of — 
1st, a means of regulating the strength of the current ; 2nd, a 
means of alternating or reversing the current ; 8rd, a means 
of indicating and measuring the current ; 4th, a means of 
interrupting the current. 

1. Current Graduation, — The apparatus must be so arranged 
that we can apply the feeblest or the most powerful current 
according to necessity, and also any intermediate force that 
may be wished. It is important that this should be done 
very gradually, so that fine grades of pow'er may be reached, 
and the change from weak to strong be accomplished with- 
out sudden shock. This may be effected by a collector — an 
instrument which enables the different cells, to be put into 
action as desired. Thus the fewer the elements brought 
forward the weaker, and the larger the number the more 
powerful the current. The chief point to be noted is, that by 
this means not more than two cells at a time be arranged to 
advance at once, otherwise the changes are too sudden. The 
graduation of the current may also be carried out by a rheo- 
stat, which consists essentially of a resistance. This may be 
composed of thin wire, water, or other badly conducting 
substances, which can be graduated or measured according 
to necessity. Therefore the greater the resistance introduced 
into the circuit, the feebler the current will be, and the less 
the resistance the more powerful it is. Following this 

* The cost of this io a plain box without accessories should not exceed 
£4 10s. 
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principle instruments have been devised which are ex- 
tremely convenient for practical purposes, and which can 
equally be apphed for regulating the strength of both the 
faradic and galvanic currents. The rheostat has this advan. 
tage over the collector— that it is portable, and can be 
attached to any apparatus, while the latter is of necessity 
a fixture to its own particular battery. The first, more 
over, employs all the cells at once, while the last only uses 
those put in action. Finally, by having a powerful resis- 
tance included in the circuit, the modifying effects of the 
various conducting media throughout the body are less 
marked. 

2. Current Alternation, — This consists in reversing the direc- 
tion in which the current is flowing, so that the operator has 
the power of making a given electrode either the positive or 
negative pole. This is effected by means of a commutator or 
alternator. Of these, there are many different forms which 
for all essential purposes are equally useful. Perhaps the 
most convenient is the three stud commutator. 

8. Current Interruption. — The object of this is to have the 
power of opening and closing the passage of the current at 
will, or of making these interruptions slow or rapid as re- 
quired. There are also a great variety of instruments for 
effecting this end, but I shall only mention the two most 
suitable for diagnostic purposes. For slow interruptions an 
apparatus is introduced into the electrode which the operator 
holds in his hand, and by means of pressure on a spring with 
his finger, he can make or break the current as he wishes. 
This is called the interrupting handle. For rapid interruptions 
a rheotoms is employed consisting of a toothed wheel, which 
when turned by a handle, quickly makes and breaks the 
current. 

4. Current Measurement. — This is accomplished by means of 
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a galvanometer — an instrument which', if our present know- 
ledge of electro-diagnosis has not rendered indispensable, is 
a great convenience in all electrical manipulations. Although 
it is of immense importance in treatment, owing to the 
vibratory oscillations of the needle, we are unable to measure 
the temporary appUcations of electricity in diagnosis, but 
doubtless as improvements are made in its construction, we 
shall beconie possessed of an instrument which will prove of 
great practical value. Although the galvanometer cannot 
be used for accurate measurements in diagnosis, it should 
* always, if possible, be included in the circuit, as it is an index 
to the proper working of the battery, and a rough estimate of 
the strength of the current. 



General Accessories. 

Author's Element Board, — The accessories of the galvanic 
current just enumerated, are absolutely essential for the prac- 
tice of electro-diagnosis. All of these, however, are rarely 
present in the ordinary batteries supplied for medical pu,r- 
poses; I have therefore had constructed an element board 
which contains all these necessaries, and possesses also other 
conveniences (fig. 1). This is arranged in a portable form 
and can be readily attached to any battery. To this is fixed 
wires from both the faradic and galvanic apparatus, and by 
means of a switch, either of the currents may be directed 
through the pair of rheophores to which the electrodes are 
attached. Both currents pass through the same rheostat 
which regulates their strength. The galvanic current further 
is connected with a galvanometer, a commutator, and a rheo- 
tome. Thus the two batteries being attached to the element 
board, either current can be passed through the electrodes, 
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either can be regulated, meaBored, mtermpted or alternated 





* Fig 1 Author*! element bonid A A Binding acrews for attwUng 
galranio onrrent. B B B Dding soreiig for nttBching faradio onrreai. 
BindiDg lorewi fot attaohing the electrodes. D. A rheoitat for re- 
gnlatug the itreDgtb of both galnn □ and faradic aureDts. B. A gal- 
ranometer tor maaanring the elrength of the galranio onrrent. F. A 
Bheotome for rapidly interrapting tbe galTaoic onrrent. G. A switch, the 
tnioing of which oauiei either the taradic or galTanio onrrent to pan 
through C. C. H. A oommntator. I. Lid of elemeat bo&rd oODtaining 
handle, plate eliwtrode, and rheophorea. 

The full itreogth of both batteriea should be applied to the attaahment at 
the elemeat bond, that is, aBsnming the rheostat ii guffioientl; powerful 
to thoroaghlj oonlrol them. Id the case of a strange inetrumeat being nsed 
for the first time, this most be eiperimeDtally ascei tuned. Thii is simply 
effboted bj introdndDg the full reiietaoDe into the drcnit, and b; increasing 
the battery cnrrent till a minimnm of aetion is ascertained throngh it. The 
apparatni ii then in a controllable condiUon, for by rednoiDg the resiataiiee 
in the element board, the strength of the cnrrent is thereby inereaeed. 

This element board has been made by llr. Thistleton, of Old Quebec 
Street,, London. 



IC 

EJieophores. — These are the wires by which the different 
accessories of the .battery are connected with one another. 
These should consist of fine copper telegraph wire, insulated 
with india-rubber, and this further covered with some woolen, 
silk, or other material. The rheophores should be of different 
colours so as to avoid confusion in selecting the poles. 

Electrodes. — For electro- diagnosis two forms of electrode 
are employed. One is a fixture on an indifferent palrt of the 
patient, such as the abdomen or back, the other is held in 
the hand of the operator, and is used by him for making 
observations. The most convenient form for the first is that 
of a flat plate, made of pliable metal, such as tin, and on the 
Fio. 2. hack of which is a connecting screw 

for the purpose of attaching the rhe- 
ophore. This may be of any size 
or shape, but a suitable form is that 
of an oval about three inches long, 
and two and a half broad. This is 
enclosed in a moveable cover con- 
sisting, on one side of wash-leather, 
and on the other of water-proof 
teting. When the former is 
moistened and placed on the skin, 
the latter protects the clothes of 
the patient from wet. (Fig. 2).* 

The other electrode, and that 
with which the operator conducts 
his manipulations, is called the handle, Gaiffe's interrupting 
electrode is that moat commonly used. It consists of a solid 
handle in which is placed an ivory button connected with 

* Fig- S. — Flat plate electrode (half-size). A. Hebd plate. B. Binding 
icrew. 0. WsBh-leather cOTering for front of plate. D. Water-proof iheet- 
iog fbi b&ok of movable oof enng. B. Waih-leather poitioa of fcont of D. 
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the interrupting apparatas. The whole is Burmonnted by an 
olive-ahaped carbon head, covered with waBb-leather, which, 
when moistened, can be applied to the sorfaoe of the skin. 
(Kg. S).« 

It is soaroely neceaeary to ob- Fio. 8. 

serve that the old- fashioned By stem 
of dabbing sponges fixed in cups on 
the skin is utterly uselees for all 
delicate diagnOBtic investigations. 

Author's Combined EUetrode, — 
Those who have practical dealings 
with the electrical apparatus now 
in use, will doubtless have satisfied 
themselTes of the many inconyeni- 
ences inseparable from it. Ab be- 
fore stated, most of the batteries 
BUppUed for medical purposeB are 
wanting in some or all of the 
acoeasories which are absolutely 
indispensable for diagnosis. Even 
the element board already described 
which BupplieB these deficiencieB is 
not without its die advantages. The 
practical worker at the bed-side will 
have experienced the difQculty and 
inconvenience of using one hand 
for the handle, and the other at a 
neighbonring table for moving bis rheostat, alternator, etc. 
Such manipulations are not only troublesome, but lead to 
inaccuracy, as then the attention of the observer is divided, 
and his position has to be constantly rearranged and altered, 

* E1g.3.— Guffe'sintermptiTighaDdleOialfiize). A. Solidhnndle. B. Id 
terruptoi. 0. Binding screw. S. Olive-Leaded electrode coTerKd nith wash- 
leather. 
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vMeh render delicate esperiments very difBcult. To obviate 
these disadyantageB I have had an inBtroment constructed 
consisiLog of a handle in which all the essential accessories 
for diagnosis are inserted, and all of which can be worked 
by one band (fig. 4). This acta as an electrode, and also 
Fig. i. interrnptB, alternates, and regu- 

lates the strength of both the fara- 
dio and galvanic onrrents. The 
details of the apparatus are so 
^ranged that the observer holding 
the instmment in Ms band and thus 
applying it to a mnBcle or nerve, 
can, by a movement of his thumb, 
reverse, open or close, increase or 
diminish the current, withoat re- 
moving the electrode &om the 
tissues to which it is applied, and 
withont occupying bis attention or 
movements beyond the simple ac- 
tion of one finger. It has also 
the important advantage that it is 
portable, and can he attached to 
any battery, thus rendering the 
observer independent of the de- 
ficiences of most apparatus. As 
a matter of practical experience 
I have employed this combined 
electrode for some time, and 
find that it successfully performs 
the ends for which it was eon- 




•Blg.4. Xu(hor'»OotBKn«dBI«trod«{balfBiM).— A. The handle. B.B. 
« two ooDaeoting soreira to nUch ua attaohed the positive and negaliTe 



ANATOMICAL KNOWLEDGE NECESSABY FOB 19 



CHAPTEE III. 
Anatomioal E^nowledge Negbssaby fob Eleotbo-Diagnosis. 

In electro-diagnostic investigations we have to deal with ^ 
muscles and nerves. As our object is to limit the stimulat- 
ing effects of the current to the point at which the electrod4 

poles of the battery. G. Is a metal or carbon point covered with wash-leather. 
In the figare this is of a convenient shape for electro -diagnostic purposes, by 
which, either a very fine point or a considerable surface can be applied to 
the skin. This may be unscrewed and other heads of different shapes and 
sizes fixed on as necessity may require. D. Is a binding screw for the other 
electrode which is applied to the patient in order to complete the circuit. 
E. Is a lever for alternating the current, when moved towards + the point 
G is the positive, and when towards — it is the negative pole. F. Is a peg 
which when pressed down, closes, and when it moves back by means of a 
spring, breaks the circuit. By means of this, the current can be interrupted 
as slowly, or as quickly, up to a certain point, as is desired. G. Is a revolv- 
ing wheel in connection with a rheostat in its interior. This consists of ten 
sections numbered respectively, and each of these, by throwing a unit of 
resistance into the circuit, in consequence diminishes the strength of the 
current, and vice versa. This rlieostat does not profess to be an exact or 
measurable amount of resistance, but is simply a means of gradually in- 
creasing and diminishing the strength of the current for practical purposes. 
It has been so arranged that its power is convenient for clinical use. For 
example, when the instrument is attached to the full power of a 40 cell 
Leclanoh6 battery, and the entire resistance introduced into the circuit, a 
minimum amount of sensation is perceptible to the skin. As each division 
of the wheel is turned, a tenth of the whole resistance is taken from the oir* 
ouit, and consequently the current increases in strength, till when it reaches 
the last section where there is no resistance the full power of the 40 cells is 
obtained. More correctly estimated by means of a galvanometer, the pro- 
perties of the rheostat may be thus stated. Supposing the current from the 
40 cells, passing through the human body to indicate 12 M. Y., one unit of 
resistance of the rheostat introduced into the circuit, reduces the reading to 
11 M.Y,, and so on till when the whole resistance is included 2 M.Y. is the 
result. Hence practically the resistance of this electrode sufficiently con- 

c2 
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is applied, it is evident that this can only be satisfactorily 
accomplished in those which are superficial and lying im- 
mediately imder the skin. The muscles more deeply seated 
cannot be directly influenced for diagnostic purposes, but 
may be reached only through the medium of the nerves. It 
is not proposed to give a detailed topographical account of all 
these structures as it is assumed that the student is already 
acquainted with general anatomy, at the same time so essen- 
tial is a knowledge of the exact position of the various super- 
ficial muscles and nerves of the body, that I have arranged 
a series of diagrams which show at a glance the chief points 
necessary to be known, and only such detailed description 
on those particulars will be added, a want of knowledge 
of which would render all progress in the enquiry impossible. 

SuPEBFioiAL Muscles. 

In the plates, is sketched the outline of all the chief 
superficial muscles of the body, and those therefore which 
can be influenced directly by the electrical current. It would 
be impossible and unnecessary in a treatise like the present 
to describe the action of each of these in detail. M. Du- 
chenne"" in a book of 872 pages, has elaborately enumerated 
the physiological and mechanical fimction of most of them, 
to which work the reader is referred for all necessary know- 
ledge on the subject. For practical purposes we can readily 
tmderstand the direct effects of the contraction of any par- 
ticular muscle, as if its origin and insertion be known, the 

trols for diagnostic purposes, a oorrent of from 40 to 60 cells, to which it 
may be at once attached. As to the £uradic carreot, the strength from the 
battery to be employed must be experimentally ascertained as already indi- 
cated, which can be accomplished in a few moments. 

This instrument has been made by Mr. Hawksley, Oxford Street, London. 

* Physiologie des MovemsnU, Paris, 1867. 
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effects of its shortening must be apparent. It is of course 
upon the fleshy substance of the muscle that observations are 
made, tendon not being contractile in the proper sense of the 
word. 

SXTFEBFIOIAL MoTQB PoiNTS OF MuSCLE. 

Each muscle is supplied by one or more branches of nerve 
derived from the main trunk, and the exact spot where these 
enter its substance is called the motor point. As will subse- 
quently be seen, in producing muscular contractions, the 
position of the entrance of the nerve filament is a matter of 
some importance, irritation there causing totally different 
effects from stimulation of the fibres themselves. We owe to 
Duchenne and Ziemssen, more particularly, most of our 
accurate knowledge on this subject, these observers having 
experimentally ascertained the motor points of the super- 
ficial muscles of the body. In the plates the position 
of these have as nearly as possible been indicated by a 
black dot. It is difficult to localise them on paper with 
mathematical accuracy, as they vary considerably in different 
individuals ; but after numerous experiments and observa- 
tions made by myself, I believe the figures here given present 
a fair general idea of the average position they occupy. 
Some muscles have practically no motor points, that is they 
are not superficial, hence such cannot be made to contract 
through nervous influence, except at the nerve- trunk above. 

SUPEBFICIAL MoTOB NeBVE-TbUNKS. 

As a knowledge of the exact position of the motor nerve- 
trunks, and the groups of muscles they supply is indispen- 
sable for diagnostic purposes, I shall enter more fully into 
particulars on this subject, at the same time avoiding all 
such anatomical details as are not absolutely essential. For- 
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tunately most of the motor nerve-trunks which supply the 
superficial muscles lie under the skin, at some part of their 
course, and can be felt there with the finger, or are so close 
to it as to be readily reached by the electric current. Some, 
however, are too deeply seated to be practically available for 
our purpose. It is only the former that we have to study, 
and in the plates these are indicated by black lines. 

1. SUPEBFIGIAL MOTOB NeBVE-TbUNKS OF THE HeAD AND NeCE. 

{Plate 1). 

The Facial Nerve, The main trunk of this nerve lies in 
the substance of the parotid gland where it divides into two 
branches, the tempero-facial and the cervico-facial. These 
two branches become superficial on leaving the gland and lie 
between the skin and the ramus of the jaw, where they can 
be readily stimulated, (a.) The Tempero-Facial branch, is 
found at the posterior edge of the ramus of the jaw, a little 
below the level of the lower margin of the lobe of the ear. 
Its branches spread out from this point in a fan- shaped man- 
ner, and each can be easily reached as desired. This nerve 
supplies the occipito-firontalis, orbicularis palpebrarum, cor- 
rugator supercilii, buccinator, orbicularis, levator labii supe- 
rioris and levator anguli oris muscles. In short it supplies 
motor fibres to the ear, scalp, mouth, nose, and eyehds, 
and its irritation causes contraction of all the above-named 
muscles. (6.) The Cermco- Facial branch, is found at the 
posterior edge of the ramus of the jaw a little above its 
angle. It supplies the lower part of the face and the upper 
part of the platysma myoides muscle. In the same manner 
as the other branch of the facial, this spreads out into a 
fan-shaped series of filaments, which, if necessary, may be 
separately stimulated. 

The Spinal Accessory Nerve, The external branch of this 
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nerve after perforating the stemo-mastoid, becomes super- 
ficial at the posterior border of that muscle, a little above its 
middle, and from this proceeds obliquely downwards and 
backwards towards the trapezius. At any part of this course 
it may be stimulated with electricity. It supplies the stemo- 
mastoid and trapezius muscles. When irritated through the 
former muscle, there is flexion of the cervical spine, pushing 
forward of the lower jaw, turning of the head on its axis the 
face looking to the opposite side, raising of the shoulder, and 
approximation of the scapula to the spine. Irritation below 
the stemo-mastoid muscle causes the same, only the cervical 
spine is extended instead of flexed, and the head is inclined 
backwards and towards the side stimulated. 

The Cervical Fleams^ consists of several branches running 
obliquely downwards and backwards between the stemo- 
morstoid and trapezius muscles, each of which may be stimu- 
lated separately, (a.) The Superficial Cervical branch turns 
forward from behind the stemo-mastoid about its middle, and 
lies horizontally on the surface of that muscle, where it can 
be reached for electrical purposes. It supplies the platysma 
myoides muscle, and its irritation causes puckering of the 
integument of the neck, {h.) Branch to the Levator AnguLi 
Scapula Muscle. This ^ appears superficially at the posterior 
border of the stemo-mastoid a little below the nerve last 
described, and runs obliquely downwards and backwards 
towards the trapezius. As its name implies it supplies the 
levator anguli scapulsB muscle, and its irritation causes the 
shoulder to be raised, (c.) Branch to Trapezius. This lies 
in the same oblique direction close below the filament just 
described, and supplies the trapezius muscle. Its irritation 
causes the shoulder to be raised, and the head to be drawn 
backwards and towards the side stimulated. 
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2. SuPEBFiciAL Motor Nerve-Trunks op the Upper 
ExTREBOTY. (Plutes 2 and 3). 

The Ulnar Nerve is superficial from the axilla to the elhow, 
at which latter place it lies between the olecranon process 
and the inner condyle of the humerus. Immediately above 
this spot its trunk can be readily felt with the finger through 
the skin, and this is a convenient position for the application 
of the electrode. The ulnar nerve supplies the following 
muscles : — flexor carpi ulnaris, part of flexor profundus digi- 
torum, flexor brevis minimi digiti, abductor minimi digiti, 
all the interrossei, the two inner lumbricales, adductor pollicis, 
inner head of flexor brevis pollicis and palmaris brevis. Its 
irritation above the elbow causes flexion of the ulnar side of 
the hand, slight flexion of all the fingers at their metacarpo- 
phalangeal joints, flexion and opposition of the little finger, 
hollowing of the hand, and adduction and slight flexion of 
the thumb. 

The ulnar nerve is also superficial a Httle below the middle 
of the forearm, and may be reached at the outer margin of 
the flexor carpi ulnaris muscle, about two inches above the 
wrist joint. Its irritation here flexes and opposes the little 
finger, hollows the hand, adducts and slightly flexes the 
thumb. 

The Median Nerve is found superficially about two inches 
above the front of the elbow joint, a little internal to the 
inner edge of the biceps muscle. It can here be readily felt 
by the finger through the skin to the inner side of the artery. 
It supplies all the pronators and flexors of the forearm, (ex- 
cept the flexor carpi ulnaris and part of the flexor profundus 
digitorum which are nourished by the ulnar), the abductor, 
opponens, and the outer head of the flexor brevis, pollicis, 
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and the first and second lumbricales. Its irritation abovq 
the elbow causes pronation of the forearm, flexion of tji© 
radial side of the hand, flexion of the fingers, abduction, op- 
position, and slight flexion of the thumb. 

The median nerve may also be reached about an inch 
above the wrist joint, between the tendons of the flexor carpi 
radialis and the pulmaris longus muscles. Its irritation here 
causes abduction, opposition, and slight flexion of the thumb. 

The MuscvlO'Spiral Nerve is very important in pathological 
states, but unfortunately is deeply seated and not always 
readily accessible. In thin persons it can usually be reached 
and stimulated ; but in fat and very muscular individuals it 
may be dif&cult to do so completely. It always requires care 
to ascertain the exact spot, which is a very limited one, the 
irritation of which produces the typical muscular contrac- 
tions. It is reached by applying the electrode about three 
inches above the external condyle of the humerus on the 
outer and posterior aspect of the Hmb, at the edge- of the 
triceps, between it and the brachialis anticus muscles. With 
the flnger can sometimes be felt the depression in the shaft 
of the humerus round which the nerve winds obliquely from 
underneath the triceps, to the space between it, and the 
upper part of the supinator longus muscle. It suppHes the 
triceps, anconeus, the supinators of the forearm, all the ex- 
tensors of the hand. Angers and thumb. Its irritation at the 
point described, causes supination of the forearm and exten- 
sion of the hand, fingers, and thumb. 

8. SXTFEBFIOIAL MoTOB NeRVE-TbUNKS OF THE LoWER 

Extremity. {Plates 4 and 5). 

The Anterior Crural Nerve becomes superficial at the lower 
border of Poupart's ligament, a little to the outside of its 
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middle Hne, where it can be felt with the finger external 
to the artery. UsoaUj here there are two or three large 
branches, to each or all of which the electrode can be 
conyenientlj applied. It supplies the iliacns, part of the 
peetinens, sartorios, rectos, vastus extemns, and cmreus 
mnsdes. Its irritation at the aboye-mentioned place causes 
obyions contractions of the muscles in front of the thigh, and 
extends the 1^. 

The Internal Popliteal Xerve passes down the middle of the 
popUteal space from between the semitendinosus and biceps 
muscles. It can be there felt with the finger, and the elec- 
trode is best appUed about two inches above the junction of 
the two heads of the gastrocnemius muscle in the middle Hne. 
It suppHes the gastrocnemius, plantaris, soleus, popliteus, 
tibialis posticus, flexor longus digitorum, flexor longus pol- 
Ucis; flexor brevis poUicis, abductor pollicis, adductor pol- 
licis, flexor brevis digitorum, flexor brevis miniTni digiti, 
flexor accessorius, transversales pedis, and all the interossei 
and lumbrical muscles ; in short all the muscles at the back 
of the leg and sole of the foot. Its irritation produces flexion 
of the foot and toes. 

The External Popliteal Nerve is to be found in the popliteal 
space, running obliquely outwards over the outer head of the 
gastrocnemius, and at the lower and inner edge of the tendon 
of the biceps muscle, and here it can be distinguished with 
the finger. It supplies the peroneus longus and brevis, tibia- 
lis anticus, extensor longus digitorum, and extensor longus 
and brevis poUicis muscles. Its irritation causes extension 
of the foot and toes. The Peroneal Nerve, a branch of the ex- 
ternal popliteal, may be specially reached below the outer 
and posterior aspect of the head of the fibula. It supplies 
the peronei muscles, and its irritation causes extension of the 
foot outwards. 
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Deep Seated Motor Nerve- Trunks. 

A large number of the motor nerve-trunks of the body are 
BO deeply seated, that it is impossible to utilize them for 
diagnostic purposes. These are covered v^ith muscles and 
other structures requiring a powerful current to penetrate 
through them, v^hich renders accurate conclusions imprac- 
ticable, as this by its diffusion, so reacts on the neighbouring 
tissues, as to prevent a strict localisation of action on the 
nerve under observation. Those superficial trunks which 
may be considered as always available for the purposes of 
diagnosis have already been enumerated. There are how- 
ever some, which, although under ordinary circumstances 
are not readily reached, may in special cases be irritated 
by electricity. For example, in a weU developed and mus- 
cular subject, the hypoglossal nerve is completely covered 
with a layer of muscle, so that direct stimulation with a 
moderate current is impossible. In very thin persons, or 
when disease has caused emaciation of the muscles, this 
nerve may be practically reached through their attenuated 
substance. In particular instances a knowledge of this may 
be of importance, as in a case of bulbar paralysis. As a 
rule, however, those nerves which have to be acted upon 
through a thick muscular medium, which varies in different 
diseases are not to be depended upon for accurate diagnostic 
purposes. For this reason it has not been thought necessary 
to give a detailed description of these semi-superficial nerve- 
trunks; but the position of the most important has been 
marked in the plates by a +. A knowledge of these is more 
necessary for therapeutics than for diagnosis. 



28 BLECTBO-DIAGNOSIS. 



CHAPTEE IV. 

Method of applying Eleotbioitt in Diagnosis. 

It has been urged against the art of electro- diagnosis that 
the difficulty, trouble, and time expended in its use, is out of 
all proportion to the practical advantages obtained. Up to 
a comparatively recent period this cannot be altogether 
denied, but it is the purpose of this treatise to indicate the 
value of the knowledge we obtain by this form of investiga- 
tion, and to endeavour to simplify the means of arriving at 
it. The difficulties hitherto have been chiefly due to the fact, 
that this branch of enquiry being new, the instruments at 
our disposal have been imperfect and unsatisfactory, and 
even now in great measure still are so. Also few medical 
men have been instructed in their use, and those who have 
paid special attention to the subject have been compelled 
to educate themselves in the art. With the more perfect 
apparatus now at our disposal, improved methods of research, 
and an extended general knowledge of the subject, it will be 
found that the difficulties in the details of electro-diagnosis, 
like those of most other novelties, will disappear ; and so far 
from adding to the already overburdened curriculum of the 
student and practitioner, it will be found in reahty a means 
of limiting his labour in the investigation of disease. As 
the usefulness of this procedure depends upon the accuracy 
and method in which it is performed, and as it is important 
that this should be conducted with the least trouble and in 
the shortest time, I make no excuse for entering into minute 
details of the application of electricity for the purposes of 
diagnosis. 
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As has already been indicated the object to be arrived at, 
is a knowledge of the exact anatomical condition of nerve 
and muscle, from which we infer their functional state, and 
as a consequence many other important questions connected 
with disease. We have therefore, with suitable applications, 
to stimulate both nerve and muscle, and we judge of the 
effects of the irritation by the contraction of the latter. The 
sequence of events which ensues will be fully described in 
succeeding chapters, in the meantime we devote ourselves to 
manipulative details. 

Methods op Application. 

1. The Indirect Method, This consists in irritating the 
trunk of the nerve at some distance from the muscle or mus- 
cles it supplies. For example, when the current is applied to 
the trunk of tha ulnar nerve above the elbow, all the muscles 
receiving their nervous supply from below this point, are at 
once put into ^. state of contraction, and certain movements 
of the hand and fingers ensue. 

2. The Direct Method. In this, the current is applied to 
the muscle itself. There are two forms, a, the direct extra- 
muscular, in which a motor point is stimulated, consequently 
the main bulk of the muscle contracts, and, h. the direct intra- 
muscular, in which the irritation is applied to the muscular 
fibre itself, and not to any special nervous filament, hence 
there is contraction only of the fibres immediately under the 
electrode. This last is subject to the law of diffusion of cur- 
rents which will be afterwards discussed. 

8, The Polar Method, In acting upon nerve or muscle we 
may apply both poles of the battery to their substance, and 
until recently this has been the method of procedure. By 
far the most effectiye and exact system is to adopt what is 
called the Polar Method, by which we obtain the specific 
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effects of each pole of the battery according to desire. This 
is carried out by placing one electrode on the nerve or muscle 
we wish to stimulate, and the other on some distant part of 
the body, thus eliminating its effects. In this way the action 
of the two poles is not confused, as they are liable to be when 
placed close together, and we can judge the result of each 
separately, 

Pbaotioal details in the Method of Pbocedube. 

The patient must be placed in a good light, both sides of 
his body being equally illuminated. If the head or upper 
part of the trunk is to be investigated, he may stand or sit as 
is most convenient. The upper extremities are best examined 
with the patient sitting on one chair, with his forearms resting 
on the back of another. To test the condition of the lower 
part of the trunk, and the inferior extremities, the most suit- 
able is the recumbant posture. In every case, all the mus- 
cles should be in a state of relaxation, the patient should be 
directed to keep himself perfectly at rest, and both sides of 
the body should be placed in the same position, and under 
similar circumstances. The operator while sitting or stand- 
ing near the patient, must have all his apparatus around hinn 
within easy reach, and in delicate investigations the necessity 
of having properly adjusted instruments, combined with 
manipulative dexterity, is of great importance. Throughout 
the entire procedure great care must be taken, to keep both 
electrodes and sjdn well moistened. Dry epidermis is an 
extremely bad conductor, and if not thoroughly wetted the 
current of electricity will fail to penetrate it, in order to reach 
the nerve or muscle. In such cases great pain is caused, 
owing to the current being arrested at the integument, and 
acting on its sensitive nerves. Hence throughout the stance, 
fluid must be used with prodigality. For all practical pur- 
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poses, simple water is all that is necessary. If acid or salt 
be added its power of conduction is improved. A small por- 
ringer of water close at hand, is therefore a ' sine qua non,* 
into which must frequently be dipped the electrode with 
which we are working. It is scarcely necessary to indicate 
the employment of towels suitably distributed, to avoid wet- 
ting the bedclothes or dress of the patient. 

When the upper part of the body is being examined, a 
suitable position on which to place the flat plate electrode, is 
the nape of the neck. If the patient is clothed, this can con- 
veniently be slipped inside his collar, and is thus held firmly 
in position. If he is undressed, or if the clothes fail to secure 
the plate, it must be tied on. This is best effected by means 
of a soft-knitted band, like a broad garter sufficient to go 
once or twice round the neck, and securely fastened. Hand- 
kerchiefs, bandages, &c., are unsatisfactory, as on the one 
hand they either suffocate the patient, or on the other the 
plate is not firmly held in position. The knitted garter is 
soft and elastic and thus tightly fixes the electrode without 
discomfort. This may appear a trifling detail, but it is the 
non-observance of such little matters, as ascertained by ex- 
perience, which constitute the troubles, expend the time, and 
fedsify the results of electrical investigation. 

If the lower part of the body is to be tested, the patient, if 
in bed, may place the flat plate over the sacrum, and keep it 
in position by simply lying upon it, or he may apply it to the 
sternum or front of the abdomen, and hold it there with his 
hand. In careful clinical observations it is best to act always 
under the same circumstances, and altogether the most cen- 
tral and suitable position for this electrode in all cases and 
for all parts of the body, is the front of the abdomen. 

Having then firmly secured the well moistened plate, we 
^oceed with the handle electrode, also soaked with water, to 
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systematically investigate the effects of both currents on the 
nerves and muscles. The usual order of procedure is as fol- 
lows ; 1. Faradism to the nerve trunks. 2. Faradism to the 
motor points. 8, Faradism to muscular tissues. 4. Gal- 
vanism, applied in the same order. 

1, Faradism to Nerve-Trunks, — Thq negative pole of the 
induced secondary current is generally used as the excitor, 
and to avoid confusion, it is best to make a rule always to 
select it. The interruptions should be rapid, and for ordinary 
purposes the instrument in this respect should always be kept 
at a fixed standard. In commencing operations, it is advis- 
able to begin with a known healthy nerve, so that finding its 
reactions, we may compare them with those of the one dis- 
eased. Place the well-moistened, leather covered end of the 
handle electrode, accurately on that point, over which it has 
been ascertained the nerve lies. It must be firmly pressed 
down, so as to facilitate the passage of the current through the 
skin. Having got this firmly in position, by means of the 
interrupter, suddenly complete the circuit, without relaxing 
the pressure on the nerve, and still keeping the electrode in its 
place. A very weak current from the battery is started. If 
the shock thus given produces no effect, the strength of the 
current is increased, tiU some contraction of the muscles sup- 
plied by the nerve, is seen. The effects are to be observed 
and compared with the other side, or other nerves. Again, 
different strengths should be employed, with a view of ascer- 
taining the reactions of the muscles under different powers 
of stimulation. It must be remembered that powerful faradio 
irritation of a nerve, is very painful, and very rarely of any 
use, so that care must be taken always to begin with feeble 
currents, and gradually increase them until the requisite 
strength is obtained. If the operator thus acts, he does not 
in the least alarm the patient, who soon finds that the pro- 
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cedure, if a little unpleasant, is practically painless. If, 
however, he starts by unduly causing pain or sudden shocks, 
the subject of observation, especially if a woman or child, 
is frightened and restless, and the tremor and involuntary 
movements thus induced, greatly miUtate against accurate 
observation. Finally, and more particularly when the nerve 
is diseased, the effects of varied interruptions of the current 
must be noted, as in certain conditions, when these are rapid, 
they are followed by no response, but if slow, may be suc- 
ceeded by muscular contractions. 

In noting the muscular contractions, much caution must 
be exercised, otherwise great errors may be made. In stimu- 
lating a nerve, it is necessary to know the muscles it supplies, 
and their action as a result of irritation, as these and these 
alone are to be for the time attended to. Especially when 
strong currents are used, there is great diffusion of the elec- 
tricity, and the neighbouring tissues are influenced as well as 
the nerve we are investigating, and the effects of the latter 
must be carefoUy separated from the former. To take an 
example; suppose the ulnar nerve is being acted* upon above 
the elbow with a pretty strong current. In health, all the 
muscles which it suppHes will contract vigorpusly. In ad- 
dition, however, the muscles of the upper arm which are in 
direct contact with the electrode, will also act. These last 
have to be eliminated in the observation. In health this is 
not difficult, but in disease, when certain nerve fibres or mus- 
cles are affected it is more so. Suppose again, that all the 
muscles supplied by the ulnar nerve were diseased, and a 
strong current was applied to its trunk, although it would 
produce no contraction of the flexors, it might by transmis- 
flion induce action of others such as the extensors of the hand. 
This has to be noted, and not confounded with the effects of 
ihe nerve under consideration. The complete distribution 
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has also to be observed, and the perfect or insufficient action 
watched. For example, if, on irritating the nhiar, there was 
contraction of the muscles of the fingers, but no action on the 
hand, we should conclude that the flexor of the wrist was 
not performing its function, as it is suppUed by the nerve 
stimulated. 

As a rule a prolonged application is not necessary, but 
sufficient only to see the marked effect of muscular con- 
tractions, and judge of its vigour. One second may roughly 
be estimated as a convenient length of application, for this 
to be tested in health, but this will vary according to cir- 
cumstances in disease. Having obtained the strength of the 
current necessary to produce definite effects, and having 
observed and estimated the extent of these, a compari- 
son has to be made with the other side of the body. 
To arrive at accurate conclusions, precisely the same con- 
ditions must be employed on both sides. The same spot 
of the nerve must be selected, the same amount of pres- 
sure applied, and strength of current used. In this way if 
the disease is one-sided, the difference between it and the 
normal state, may be readily estimated. In comparing two 
places, some physicians use a double rheophore, and hold an 
electrode in each hand. I confess I prefer to deal with one 
only, finding it difficult enough to select the exact spot under 
'Which the nerve Ues, and to keep there, with a single, much 
more than with a double instrument. Also the conducting 
'power of the two electrodes may vary and thus compHcate 
matters. In short, if the phenomena on one side be first 
carefully ascertained, there is little practical difficulty in 
afterwards comparing it with the other, with the same elec- 
trode. If the disease exists on both sides of the body, a re- 
cognition of abnormal conditions is more difficult. If we, in 
43uch a case, cannot compare one side with the other, in order 
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to obtain a normal standard, we are obliged to take as such, 
some of the other healthy nerves of the body. \ This requires 
great knowledge and experience, for as we shall afterwards 
see, owing to varying physical conditions, these differ in their 
sensitiveness to excitation In a series of observations made 
by myself and referred to in a subsequent Chapter (page 48). 
I have endeavoured to show that a comparison may be made 
between the relative excitability of all the great nerve trunks 
of the body, which if not of perfect scientific accuracy, is 
useful for practical diagnostic purposes. Hence, if both 
sides are affected, we may, subject to certain restrictions, 
compare the diseased with other healthy portions of the 
body. 

2. Faradism to Motor Points, — To stimulate the motor 
points of the muscles, precisely the same steps are to be 
taken. The sharp end of the electrode is to be firmly placed 
as near the spot as possible, and if this does not produce the 
desired effect, namely, contraction of the mass of the muscle, 
it must be moved about in the neighbourhood, till it is evident 
the motor nerve is being irritated. Considering that we can- 
not actually see the exact position, even of the muscles them- 
selves, through the skin ; it may be easily conceived that it is 
often no easy matter to arrive at the exact spot at which its 
nerve enters, and more especially as this may vary in different 
individuals. Like most other dif&culties, this is only to be 
overcome by an intimate knowledge of the parts, and by con- 
stant practise, through which only, dexterity and accuracy is 
to be obtained. Although a knowledge of these motor points 
is scientifically of great importance, it must be admitted that 
in practise it is not always absolutely essential. Having 
ascertained the function of the nerve trunk, we have thus 
ahready arrived at the action of its branches, in other words, 
the motor ' points. It must, however, be remembered that 

d2 
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there are many portions of the body and many muscles, to 
whose nerve trunks we have no means of reaching, in which 
case our only method for determining the condition of the 
peripheral nerves, is by stimulating the motor points. In 
any case, the greatest care must always be taken in com- 
paring the two sides of the body, to place the electrode 
on exactiy the same point of each muscle. For example, 
in testing the contractility of say the supinator longus, if 
on one side we applied the irritation at the motor point, 
and on the other at the muscular fibre, the effects of the 
stimulation with the same current would be very different, 
although the muscle and nerve might in reality be perfectiy 
normal. 

8. Faradism to Voluntary Muscle, — The electrode is placed 
over the muscular substance which is thus directiy stimu- 
lated. Precisely the same methods are employed, and ob- 
servations made, as those already described with regard to 
nerves, as in faradising a muscle we are in reality acting upon 
the intra-muscular nerves, there being no true Farado-muscu- 
lar excitability. Each muscle must be separately treated, 
and its specific effects carefully observed, and great caution is 
to be exercised not to confound this with the responses of 
its neighbours. In disease especially this is of the greatest 
importance. For example, when the extensors are destroyed, 
as in lead paralysis, application to them of a strong current, 
may induce flexion of the hand. This indicates that the 
current has passed through the weakened extensors without 
effect on them, but inducing contractions of the flexors by 
transmission. Care has also to be taken that in comparing 
the muscles of two sides, that the electrode is placed on ex- 
actiy the same spot of each muscle, for not only does the 
bulk of the fibres vary at different parts, but branches of the 
motor nerve are here and there superficial, and may be 
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stimnlated on one side and not on the other, thns rendering 
a comparison fallacious. In very small muscles, the point of 
the olive shaped electrode must be used, in order to limit the 
current as much as possible. In the larger muscles, as great 
a surface as the electrode permits, should be appHed. Al- 
though the whole of the muscle may be tested, practically, 
the most fleshy part is the most suitable position. 

In certain circumstances the effects of varying the inter- 
ruptions of the induced current should be ascertained. This 
may be slowly performed by moving the vibrator of the coil 
with the finger ; if rapidity is required this must be adjusted 
by means of the screw attached to the instrument. 

In making subsequent examinations of the patient, it is of 
great importance to ascertain whether any change, either of 
degree or kind, has taken place since the observation on a 
former occasion. The faradic instruments as at present con- 
structed are unfortunately not sufficiently exact for the first of 
these purposes. For example, if we examine a nerve with a 
certain strength of induced electricity, we have no means of 
applying exactly the same amount, say six months after- 
wards, and noting the difference of degree at the two periods. 
It is true that for most practical purposes, we can roughly 
estimate the changes which thus ensue, but if a more perfect 
instrument could be devised which would fulfil this end, it is 
needless to point out its great importance as regards diag- 
nosis and prognosis. 

The sensibility of different portions of the body vary, the 
face, and hea_d generally, being especially sensitive, so that 
too strong a current must be avoided. It is always ad- 
visable that the operator, before making appHcations to 
the patient, should test the strength of the current upon 
himself. This he can always do, (assuming the plate to 
be already attached to the patient), by simply placing his 
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palm on the skin of the latter, and touching with the elec- 
trode the back of his own hand. This is not only a test for 
the effects on the sensibility, but is also a guide to its effect 
in contracting muscles. Too much confidence must not, 
however, be placed on this last, as the skin and other con- 
ducting media, may differ greatly in the doctor and his 
patient. 

The chief points to observe in the application of the faradic 
current, are. To the nerve trunk: — 1st. The amount of mus- 
cular contraction to a given strength of current. 2nd. The 
comparison of this, with that of the opposite side. 8rd. 
The comparison between it and other healthy nerves. 4th. 
"Whether all the muscles suppHed by the nerve contract, note 
deficiency of special muscles, or part of muscle. To the 
motor points, and muscles, observe : — Ist. The vigour of con- 
traction in the whole or part of the muscle. 2nd. The com- 
parison with the opposite side. 3rd. The comparison with 
the other healthy motor points and muscles. 4th. The com- 
parison of direct effect, from the indirect irritation of the 
nerve trunks. 5th. That the actions of other muscles from 
diffusion of the current, are not confounded with that one 
under observation. 6th. The effects of slow or rapid in- 
terruptions. 

4. Galvanism to nerve trunk, motor point, and muscle, — 
The method of applying galvanism to nerve trunk, motor 
point, and muscle is, as regards mechanical manipulations, 
exactly the same as of faradism. The chief difference is, 
that the special effects of each pole of the battery has to be 
noted. This is done through the medium of the commutator. 
Having placed the electrode on the nerve or muscle, as 
already described, it is made positive or negative as re- 
quired, and by means of the interrupting handle, the shocks 
in each case are observed. The results of opening and 
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closing the current are to be noted. As with faradism begin 
with a weak current, test eaclj pole separately, closing and 
opening in turn. Gradually increase its strength, and ob- 
serve when muscular contraction first appears, at which pole, 
and whether at its closure or opening. Continue to augment 
the current, still watching the order in which the contractions 
appear, their degree, their duration, and their character gene- 
rally. What may be expected to take place wiU be detailed 
in the next chapter. The effects of variously interrupting the 
galvanic current must also not be forgotten. For slow 
interruptions, the ordinary handle is used, and these are 
made with the finger. When great rapidity is required, the 
rheotome is perhaps the most convenient method of produc- 
ing it. We have at present no accurate practical instrument, 
except clockwork, for measuring the number of interruptions, 
so that we can only speak of, very slow, slow, medium, rapid, 
and other such somewhat inexact terms. With regard to 
measuring the strength of the galvanic current, this can 
be very accurately done by means of the galvanometer in 
therapeutics and other prolonged appHcations, but for the 
purposes of diagnosis in the manner already detailed, we 
have not, unfortunately, any satisfactory method. As here 
the effects are of very brief duration, and as the needle 
of the galvanometer oscillates, it is difficult to measure the 
current sufficiently rapidly. Improvement of the instrument 
may, we hope, soon be made, by which it may take instan- 
taneous measurements, a discovery which would prove of 
immense practical value. 

All the other details of the application of the galvanic 
current, and the cautions to be observed, are the same as 
with faradism. With galvanism the special points to be 
noted are : — 1st. The amount of contraction of each pole as 
compared with the healthy side. 2nd. The amount of con- 
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traction of one pole as compared with the other. 3rd. The 
amount of contraction at closure of the cnrrent, as compared 
with the opening of it. 4th. The nature of the contraction, 
whether rapid or sluggish, complete or incomplete, etc. ; and 
6th. The effects of varied rapidity in the number of interrup- 
tions. 
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CHAPTER V. 
Electrical Beactions in Health. 

The two forms of electricity already described, and applied 
in the manner indicated, produce certain definite and well 
marked phenomena on the different tissues of the healthy 
subject. For the present purpose it is sufficient to know 
their effects on the spinal cord, motor nerve, and voluntary 
muscle. 

1. Spinal Cord. 

If a healthy spinal cord be exposed by dissection, and 
electricity applied to its substance, there are vigorous con- 
tractions of all the muscles of the body, supplied by the 
nerves derived from and below the point irritated. The 
responses to the different currents are of the same charac- 
ter as those about to be described as occurring with motor 
nerve. In the human subject appHcations to the spinal cord 
are never made for diagnostic purposes. 

2. Motor Nerve. 

On irritating a motor nerve with electricity, the only visible 
phenomenon which follows is, contraction of all the muscles 
which it supplies. Certain other changes take place in the 
nerve itself, but for our present purpose, we have only to 
study the behaviour of the muscular contraction. This takes 
place as a result of variations in the density of the current, 
and therefore these muscular contractions only occur at its 
closure and opening, and their amount is practically in 

Jt 
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proportion to the strength and suddenness of its modifiea- 
tions. While the current is constant, and flowing through 
the nerve without interruptions, there is no response. 
Electricity does not cause muscular contractions merely by 
the power the nerve possesses of carrying its influence to the 
muscles, but by its specific action in stimulating the nervous 
elements into functional activity. This is evidenced by the 
fact, that if a nerve be injured or diseased, on electric stimu- 
lation no contractions are produced, although its power of 
conducting the current is in no way interfered with. It is 
also shown by the further from the muscle a healthy nerve is 
irritated, the greater is the effect produced, and this is in- 
creased if a portion of the nerve centre be included in the 
circuit. 

Effects of Faradism, — ^If, by dissection, a motor nerve be ex- 
posed and irritated with the f aradic current, the following action 
ensues. Each shock produces a muscular contraction, imme- 
diately followed by relaxation, but as in the ordinary appara- 
tus, these iQterruptions rapidly succeed one another, there are 
no apparent intermissions, one contraction not having ceased 
before another has taken place. Hence there is tetanus of 
the muscle, and this continues all the tune the induced 
current is passing. The intensity of the tetanic spasm is 
in proportion to the strength of the current, and the rapidity 
of the interruptions. 

In the human subject, where the nerve is reached through 
the skin and other superficial tissues, the action is precisely 
the same, tetanic spasm taking place in all the muscles sup- 
plied by the nerve, the trunk of which is irritated by the in- 
duced current. Bapidly interrupted faradism is the most 
powerful electrical stimulant to healthy nerve. 

Effects of Oalvanism — The action of the galvanic current 
on dissected out motor nerve is very different and much 
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more complicated. The effects, however, are perfectly de- 
finite, and conslitute what is termed the law of contraction 
of motor nerve and muscle. When this is applied with 
moderate power to a nerve, muscular contractions ensue, 
but only at the moment of making or breaking the current. 
These are not of tetanic nature, but short and sudden, fol- 
lowed immediately by relaxation, and while the current is 
passing continuously along the nerve, there are no muscular 
contractions. These phenomena are influenced by the intensity 
of the current, the stronger it is the more energetic the 
contractions, and if it be very powerful, there may be tetanic 
spasms, not only on making and breaking, but during its pas- 
sage along the nerve. The muscular movements vary 
according to the direction of the current so that there are 
four different contractions: — 1. The descending closure con- 
traction ; 2. The descending opening contraction ; 8. The 
ascending closure contraction, and 4. The ascending opening 
contraction. These are further modified in strength by the 
intensity of the current ; and the systematic arrangement of 
which has given rise to what is termed Pfliiger*s law of con- 
traction, which is as follows : 

Descending. Ascending. 

Make. Break. Make. Break. 



Very weak 


. C. 


Weak , 


. C. 


Moderate 


. C. 


Strong . 


. C. 



c. 



c. 




c. 


c. 


c. 


c. 



These observations were made with both poles of the 
battery applied to the exposed nerve, in animals. When the 
polar method of investigation is employed the reactions are 
somewhat different. When the effects of one pole are elim- 
inated by placing it on a distant or indifferent part of the 
body, and applying the other to the nerve, we can thus 
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observe the uncomplicated reactions of the latter. In this 
way also four contractions are produced namely : — 1. C.C.O. 
or cathodal closure contraction ; 2. C.O.C. or cathodal open- 
ing contraction; 8. A.C.G. or anodal closure contraction; 
and 4. A.O.G. or anodal opening contraction. Following 
this method it will be found that different degrees of muscu- 
cular contraction result, according to the pole applied to the 
nerve, as well as to the intensity of the galvanism employed. 
The cathode always predominates over the anode in its power 
of inducing functional activity. K a very weak current is 
used and both poles in succession be placed upon a nerve, 
and alternately opened and closed, as the current is gradually 
increased, the first contraction to appear is the G.G.G. As 
the intensity is slowly augmented the G.G.G. increases in 
force, and in addition the A.O.G. is devoloped. Further 
increase more folly demonstrates the G.G.G. and A.O.G. , and 
next appears the A.G.G. Finally a powerful current induces 
not only G.G.G., A.O.G., and A.G.G., each stronger than the 
other, according to its order, but ultimately G.O.G. The nor- 
mal polar reactions of the nerve therefore occur in the follow- 
ing order :— 1. G.G.G., 2. A.O.G., 8. A.G.G., and 4. G.O.G. 

In the human subject the same general laws remain in 
force, but as here it is impossible to operate upon the exposed 
nerve we are compelled to influence it through the skin and 
other tissues. This causes some slight differences in the 
phenomena, due probably to the diffusion of currents in the 
body, and to the modifying influence of the resisting media. 
Practically, therefore, when we apply galvanism to an accessible 
nerve of the human body, for example the ulnar, we obtain the 
short sudden contraction of muscle, only at the closing and 
opening of the current, and in the following order : — 1st. G.G.G. 
2nd. and 8rd. A.G.G. and A.O.G., these two are of about the 
same amount, one sometimes being in excess of the other, 
and vice versa ; and 4th. G.O.G. The chief practical fact to be 



ELECTRICAL BEAGTIONS IN HEALTH. 45 

noted is, that in health the G.C.C. exceeds the A.G.G. and the 
A.O.C. the C.O.C. In the normal condition the galvanic 
current to nerve does not produce such vigorous contractions 
as the faradic. The more rapidly it is interrupted the more 
powerful are the stimulating effects, and when this is very 
quickly performed there is tetanic spasm as in the case of the 
induced current, but not to the same extent. The same laws 
apply to all the nerves of the body that are equally accessible 
and that are under similar conditions, at the same time it is 
to be noted that very few of even those superficial, are exactly 
under the same circumstances in different locahties, so that 
care should be taken in comparing the phenomena in one 
region with that of another. 

Motor points. — The action of electricity on the motor points 
are precisely similar to those just described, as they are simply 
branches of the motor nerve trunks. Their stimulation causes 
contraction of the entire muscle or the larger mass of it. 

8. VOLUNTABY MuSCLE. 

The faradic and galvanic currents directly applied to 
the muscles in health, produce the same phenomena as 
when the nerves which supply them are similarly treated. 
The reactions are the same in character, but less vigor- 
ous in degree, and, apart from diffusion of the current, 
only such portions of the muscle contract as are directly 
stimulated. Hence, the action which follows is due to 
irritation of the intra-muscular nerve filaments. When 
the muscle is deprived of its nerve influence by poison or 
otherwise, leaving its fibres healthy, the reactions are very 
different. The faradic current then applied produces no 
contraction whatever, no matter how slowly the interruptions 
may be made. The action of the galvanic current to muscle 
thus deprived of its nerve is augmented, so that a weaker 



46 ELECTRO- DIAGNOSIS. 

power is required to produce contractions than in the normal 
state. This demonstrates that the fibre itself is contractile. 
This increased galvano-muscular excitability is difficult to 
explain, but is probably due to some change in the nutrition 
of the muscular structure as a result of absence of nerve 
influence. In this condition there is contraction not only at 
closing and opening of the current, but if this be powerful, 
there is often a slight tetanic spasm during its continuous 
passage. In healthy muscular fibre, the polar reactions are 
the same as to the nerve. With a normal nervous supply, 
the more rapidly the galvanic current is interrupted, the 
more vigorous is the muscular contraction. When this is 
cut off the reverse takes place. It is true that the fibre, 
when healthy, responds to interrupted galvanism up to a 
certain point (60-60 per second), but the slower the interrup- 
tions are made, the more complete are the contractions* 
Therefore, healthy muscular fibre, when deprived of its nerve 
influence, contracts more vigorously to slow, and less so to 
rapid interruptions of the galvanic current, than in the 
normal condition, and it does not respond to any form of 
faradism. There is another distinction. When the nerves 
are intact, the muscular action is sudden, short, and com- 
plete ; when nerve influence is removed it is delayed, pro- 
longed, and incomplete. Muscular fibre by itself is therefore 
contractile under the galvanic stimulus, but in a different 
way than when irritated through the nerve. A more pro- 
longed application, and more abundant quantity of electricity 
is necessary to produce effects, and these, when arrived at, 
differ in kind. Hence the induced current of high tension 
and small quantity causes no results, even when slowly 
interrupted, but galvanism with its low tension and large 
quantity, excites contractions, and these are the more 
vigorous, the more slowly it is interrupted. The same 
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explains the greater response to the closing as compared 
with the opening of the current.* To all the voluntary 
muscles of the human body the same laws apply. Practi- 
cally, however, there are slight differences of degree, the 
larger a muscle and the coarser its texture, the more power- 
ful is the current required to cause a proportionate amount 
of contraction. Again, in special parts of the body the skin, 
fat, and other resisting media vary so greatly as to necessitate 
different degrees of electricity to penetrate the obstruction 
before reaching the muscles below. 

Relative ExdtaMlity of Different Nerves and Muscles, — This 
question of the different conducting media in the body is a 
matter of great practical importance. In general terms it 
may be stated that all the nerves are, if dissected out, equally 
excitable, subject to the fact that the nearer the centre, the 
greater the irritability, and conversely, towards the peri- 
phery it is somewhat less so. In the same way the muscles, 
if exposed, would be found nearly all alike, except that they 
vary slightly in response to faradism, according to the rich- 
ness of their nervous supply, and to galvanism in proportion 
to their bulk, and the delicacy of their structure. In the 
living subject there are differences to be noted. In various 
localities the conducting media between the electrode and the 
nerve or muscle, differ so much in thickness, as to cause an 

* The different actions of the two onrrents on nerve and mnscle may be 
summed np thns. Faradism is the most powerful stimulant of healthy nerve, 
and this increases in proportion to the strength of the current, and the rapidity 
of the intermptions. Galvanism has the same effects, but less vigorous in 
degree. On healthy muscle deprived of its nerve influence, faradism has no 
effect, whatever be the number of interruptions, but to galvanism the re- 
iponse is increased, and this in proportion to the strength of the current 
and the slowness of the interruptions. Thus, practically, faradism acts on 
nerve alone, while galvanism excites both nerve and muscular fibre, but 
each in a different manner as above described. 
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unequal distribution in the intensity of the current to the 
parts below. If one side only is affected, this is of no conse- 
quence, as we have then the other and healthy parts with 
which, under equal circumstances, to compare the diseased 
tissues. But if corresponding parts of the body are attacked, 
it is extremely difficult to judge the existence of quantitative 
changes. It is therefore of great importance to have, if 
possible, other healthy structures as a standard of compari- 
son. For example, if both lower extremities are affected, 
leaving the arms normal, we cannot compare one leg with 
the other healthy one, but for this purpose we can utilise the 
tissues of the upper limbs. To successfully put this into execu- 
tion, it is necessary to know the exact comparative irritability 
of the different nerves and muscles throughout the body. 

I have made a series of observations on the normal subject 
with the view of attempting to deduce some definite facts 
concerning the electric excitability of: — 1st, the nerve trunks, 
2nd, the motor points, and 8rd, the muscles. The general 
result of the enquiry is as follows : — 

1. The Motor Nerve Trunks. — Throughout the body the super- 
ficial nerve trunks have been found to be all remarkably 
uniform in their response to the electric stimulus. At the 
same time there are marked, if slight, differences, which in 
making comparisons, it is very important to know. Whether 
these modifications are due to inherent peculiarities of the 
nerves themselves, or simply to differences in the conducting 
media, we need not here discuss, but the opinion may be 
expressed that it is probably the latter. If a very weak 
faradic current is in turn applied to all the nerve trunks of 
the body, and very gradually increased in strength, the first 
to show any signs of response is the spinal accessory. In 
short this nerve appears to be the most sensitive to electric 
irritation in the body. As the current is slowly increased 
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in intensity, the next nerve which responds, is the branch of 
the cervical plexus to the levator anguli scapulsB muscle. 
A further but very sHght augmentation brings into action 
the ulnar. Increased still very slightly, the median, facial, 
remainder of the cervical plexus, anterior crural, and ex- 
ternal popliteal, react, all as nearly as possible being of equal 
excitability, but varying a little in different individuals. A 
further increase brings into action the musculo- spiral, and 
the internal popHteal. In tabular form the following is the 
order in which the excitability of the various superficial nerve 
trunks appears to exist. 

Spinal Accessory, 
Branch to Levator Anguli Scapulas, 
Ulnar, 
Median, 
Facial, 

Cervical Plexus, 
Anterior Crural, 
External Popliteal, 
Musculo- Spiral, 
Internal Pophteal. 

Although, owing to the deficiency of our apparatus, we 
have no means of accurately measuring the differences of 
excitability here indicated, these are in all cases so slight, 
that if properly learnt by observation and experience in the 
healthy subject, in practice a comparison can be made be- 
tween the different nerves in disease. For example, suppose 
the lower extremities to be paralyzed, we cannot compare one 
leg with the other, as both are affected, but by a knowledge 
of the relative irritability of the nerves in the upper and 
healthy parts of the body, we may arrive at an approximative 
idea of the truth. Thus, the anterior crural and external 



50 

popliteal nerves, we know in health are as nearly as possible 
eqnal to the median and facial. The internal popliteal is 
about the same as the mnscnlo-spiral, or somewhat less 
excitable than the median. 

2. The Motor Points. — It may be stated in general terms 
that most of the motor points of a given district are of nearly 
equal excitability. They vaiy somewhat in the same, and in 
different individuals, and only an approximate comparison can 
be made between them. Like the nerve trunks, they diminish 
somewhat in irritability at the peripheral as compared with 
the more central portions of the body. The best general 
guide ia the nearest healthy nerve trunk, the excitability of 
which ia somewhat greater than the motor points in its 
neighbourhood. For example, a current which produces 
vigorous contractions when applied to the ulnar nerve, will 
cause well marked action of all the motor points in front of 
the forearm, but not quite to the same extent as when the 
trunk is stimulated. 

8. The Muscles. — ^In stimulating the substance of muscle 
directly, a stronger current is required to cause its contrac- 
tion, than that sufficient to produce the same result through 
the medium of its nerve. In different portions of the body, 
in health, this muscular irritabihty varies, owing to the fact 
that some are more richly endowed with nervous supply than 
others, and hence are more readily stimulated by the induced 
current. Again, the larger and coarser the fibres of a muscle 
are, the more intense a continuous current must be used to 
provoke contraction. Finally, the conducting media, such as 
the sldn, fat, connective tissue, also the state of the integu- 
ment whether moist or dry, etc., varies in different localities, 
so as to modify the action of both forms of electricity. The 
muscles of the upper extremities are more easily stimulated 
than those of the lower ; the flexors of the arms more than 
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the extensors, and the inner and anterior aspects of the legs, 
more than the outer and posterior. Those of the trunk, and 
especially the large muscles of the back and abdomen, are 
less irritable as a rule than those of the limbs, and the back 
less than the front of the body. 

To sum up the whole question of the relative excitability of 
nerve trunk, motor point, and muscle, it may be said that no 
positive special laws can be laid down, as it varies in the 
same and different individuals. At the same time an attempt 
has been made to show, that up to a certain point, various 
locaUties have a tolerably fixed relation to one another, and 
and that if we cannot, with scientific and measurable accu- 
racy, form a perfect standard with which to compare different 
parts of the body, experience and practical knowledge of the 
facts we possess, furnish us with data which proves useful in 
diagnosis. 
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CHAPTER VI. 

Experimental Beseabches. 

The effects of electricity on healthy nerve and muscle having 
heen seen to be positive, and subject to definite laws, its 
action on the same structures after injury or destruction, has 
now to be investigated. The conclusions arrived at have 
been, for the most part, determined by experiments on the 
lower animals, and the results of these have been fully 
confirmed by clinical observations on disease in the human 
subject. "We are mainly indebted to the researches of 
Duchenne, Erb, Neumann, Kanvier, and others, for our scien- 
tific knowledge of the relations which exist, between the 
histological condition of structure, and the functions and 
electrical reactions of the different tissues. 

A. Anatomical Changes Kesulting fbom Injury to Nervous 

Tissue. 

Spinal Cord. — If the cord is artificially divided at any 
point, there is paralysis of the body below the section. No 
anatomical changes, however, ensue, and the nerves and 
muscles remain healthy. If a portion of the whole thickness 
of the cord is destroyed, say for an inch or two in length, 
there would ensue degeneration of the nerves and muscles 
originating at the injured segment, the nature of which will 
presently be described. All the tissues derived from below 
this point would be normal. If the entire cord were arti- 
ficially destroyed, and the animal Uved, there would subse- 
quently ensue complete degeneration of all the nerves and 
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muscles supplied from its ehtire length. These phenomena 
indicate that if the spinal cord is injured at the origin of a 
motor nerve, the latter rapidly loses its healthy structure and 
functional activity, its nutrition is interfered with, it degene- 
rates, and with it the muscle it supplies. They also point 
out that so long as a motor nerve is attached to a healthy 
centre in the cord, even although it may be separated from 
the brain by disease higher up, and consequently its volun- 
tary function lost, the nerves and muscles retain their 
healthy structure. Thus, loss of physiological function may 
be quite independent of histological changes in cord, nerve, 
or muscle; on the other hand, when these exist, there is 
often a relation between the two. 

In man the same general sequence of events ensues after 
injury or disease of the cord, although owing to the nature 
of the lesion, we have rarely opportunities of observing such 
typical symptoms, as in experiments on animals. When a 
thin section of the cord is injured, as when divided by a 
dagger, the voluntary motor power is lost below the stab, but 
the muscles and nerves do not atrophy or undergo any degen- 
eration. When the injury affects the whole thickness of the 
the cord for a limited extent, as from pressure of a vertebra, 
the same symptoms take place, but there is degeneration of 
the injured portion of the cord, of the nerves derived from it, 
and of the muscles supplied by them. In the lower part of 
the body the nutrition remains unimpaired. Finally, when 
as in myehtis, the entire thickness and length of the cord is 
diseased, there is wasting and degeneration of all the muscles 
and nerves of the lower part of the body. 

Motor Nerve, — If a motor nerve is divided, there is at once 
paralysis of the muscles it supplies. Subsequently, patho- 
logical changes take place in the structure of both nerve and 
muscle as a consequence of the injury, and of their being 
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seyered from their nutritive centre, the spinal cord. As these 
histological changes bear an important relation to the elec- 
trical conditions, it is necessary that they should be studied. 
The motor portion of the nerve above Ihe section remains 
normal, but below it, changes at once begin to take place. 
Erb thus sums up these anatomical alterations. "Even 
during the first few days coagulation of the medullary sheath 
takes place, and it gradually breaks up into longer or shorter 
cylindrical masses. These masses become progressively smal- 
ler, more rounded, and gradually converted into drops of 
various sizes, amongst which at the end of the first week, a 
progressively increasing number of fine fat-granules may be 
observed. About this period the size of the degenerating 
fibres has undergone considerable increase, so that they 
appear broader than usual ; the medullary masses and the 
drops of fat gradually unite, and form larger or smaller 
irregular heaps, the smaller drops gradually preponderating 
and giving rise to the appearance of numerous fat-granules 
distributed through the nerves : after the third or fourth 
week, there is a very considerable diminution of the medul- 
lary and fatty masses, which vanish in great part by ab- 
sorption, but partly also by becoming converted into a 
homogeneous uniform mass which fills the still remaining 
sheath of Schwann, and is traversed by the axis cylinder 
(Neumann). The degenerating fibres become gradually more 
slender, and ultimately there only remains a delicate pale 
band, with irregularly undulating contours, still containing, 
at certain points, medullary and fat drops, and usually ex- 
hibiting a considerable increase in the number of nuclei." 
The axis cylinder ultimately becomes completely destroyed, 
but possesses great power of resistance, being preserved in a 
modified form for a long time after the injury. " Coinci- 
dently with these processes of degeneration in the nerve 
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fibres which spread with tolerable rapidity from the centre to 
the periphery, considerable changes also occur in the neuro- 
lemma. There may be seen a remarkable increase and 
multiplLcation of the nuclei of the sheath of Schwann in 
the neurolemma itself, and an extraordinary accumulation 
of cellular elements. In the course of three or four weeks, 
the greater number of these assume the character of fusi- 
form cells, coincidently wifch which there is a progres- 
sive hypertrophy of the neurolemma; the external nerve 
sheath is greatly thickened, strong brabeculsa of connec- 
tive tissue divide the several fasciculi of nerves from one 
another, and the hypertrophied connective tissue may be 
seen to separate the individual fibres. As the process 
continues, the hypertrophied connective tissue becomes 
denser, firmer, and fibrous ; true cirrhosis of the nerve is 
established, which is very clearly apparent when transverse 
sections are made." 

Although after complete division of a motor nerve there is 
entire loss of function, and the train of pathological changes 
just enumerated, the two ends of the divided nerve may heal, 
the morbid changes graduaUy disappear, and the function 
be completely restored. This process begins at the central 
segment, by a formation of tissue which extends to the 
peripheral end of the nerve, and ultimately becomes nerve 
fibre. The exact method in which this takes place is not 
known, but this is certain, that the two ends of the divided 
nerve become joined by nervous tissue capable of transmitting 
function as before. Whether the recovery is complete or 
partial, depends on the special circumstances of the case. 

Voluntary Muscle, — After division of a nerve, changes also 
occur in the muscle which bear a close connection to those 
above enumerated. Atrophy of the muscular fibres, accord- 
ing to Erb, ** first begins to be distinctly marked in the 
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coarse of the second week, steadilj adrsnces dnrmg the 
follawmg weeks, and may be easily recognized both in lon- 
gitudinal and transverse sections, bat espeeiallj in the latter. 
In the coarse of fiye or six weeks the average breadth of the 
fibres win be foond to have diminished to less than half their 
normal size. This progresses, the seyeral fibres gradually 
disappear, and there ultimately remains only the hyper- 
trophied connectiTe tissae. This only takes place after the 
lapse of many months, and frequently only after several 
years. In addition to the atrophy, other changes may be 
observed in the fibres. The transverse strue become less 
distinct, less sharply defined, they are more closely approxi- 
mated and more delicate, though they do not entirely dis- 
appear. The fibres frequently appear slightly cloudy, though 
they never, in the earlier stages, present distinct granular 
or fatty degeneration. At this period the muscle-nuclei 
exhibit notable multiplication which commences in the 
course of the second week, and soon after advances to such 
a height that where previously a single nucleus might be 
found, there are now collections of from six to eight, which 
especially in the atrophied muscles, are crowded together, 
and are much more readily visible without the employment 
of reagents than in healthy muscles. Lastly, a chemical 
change may be demonstrated in the contractile substance 
which is rendered evident by a tendency on the part of the 
fibres, increasing with the duration of the paralysis, to under- 
go after injury or death, the peculiar change known under 
the name of " waxy degeneration." 

The modifications in the interstitial connective tissue com- 
mence at about the beginning of the second week with a mode- 
rate accumulation of cell elements, so that in many places the 
appearance is presented of granulation-tissue having been 
formed between the muscles. This is particularly well marked 
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around the blood vessels and the degenerated nerve trunks, 
and is everywhere easily discoverable for several weeks. 
From the sixth week onwards the cells gradually disappear, 
after first becoming for the most part fusiform, and changing 
into the dense, wavy connective tissue which is rapidly form- 
ing. This hypertrophy of the interstitial connective tissue can 
also be recognized at as early a period as the second week, 
from which time it steadily increases week by week, new mate- 
rial gradually assuming the form of dense, wavy bands of con- 
nective tissue of considerable breadth, which penetrate the 
muscles, and separate the several fibres from each other 
by strong septa. The muscles are thereby rendered denser 
and firmer, and the newly-formed tissue subsequently under- 
goes cicatricial retraction.'* 

If regeneration of nerve takes place, these morbid changes 
in the muscle may gradually clear away. This, however, is 
always a very slow, and generally imperfect process, owing to 
the extensive hypertrophy of the connective tissue, constitut- 
ing a true cirrhosis of the muscle. In those cases which do 
not recover, the hypertrophied connective tissue becomes more 
dense, and there is total atrophy and disappearance of the mus- 
cular fibre, so that after some years the muscles are converted 
into flattened cords of connective tissue. 

The explanation of all these phenomena, which appears to 
be most probable, and which is supported by the facts of the 
present enquiry is, that these degenerate changes in nerve and 
muscle are due to the separation of the tissues from the cen- 
tral nervous system. Here, there would seem to exist those 
elements which preside over the nutrition of these structures 
which undergo changes when their influence is removed. 
Whether there are special trophic tracts, and where these 
lie, are questions not yet practically demonstrated. 
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B. Elxctbical Bkactioxs afike Lejukt to Nbryous Tissues. 

Aooompan jing these anatoimcal changes, there are corre- 
sponding alterations in function, and in electrical reactions. 
The extent and nature of the last, enahle us to jndge with great 
accnracj the condition and stage of the former ; indeed, it is 
the correspondence hetween them, and the deductions which 
can thus he formed, that constitute the art of electro-dia- 
gnosis. 

Spinal Cord. — ^After simple division of the cord, the elec- 
trical reactions of all the nerres and muscles remain normal. 
When a portion of the entire thickness of the cord is injured 
or diseased, the current applied to the part itself would 
produce no effect. The nerres derived from it, as well as 
the muscles they supply, would exhihit the characteristic 
changes of d^eneration, which will he presently described. 
All the structures below this point would be normaL De- 
struction of the entire cord would be followed by the same 
degenerative changes in all the nerves and muscles it 
supplies. 

Motor yerve. — When a motor nerve is divided, and the 
series of Idstological changes, above described, induced, the 
electrical conditions of both nerve and muscle deviate from 
the healthy type, and the alterations in each must be speci- 
ally studied. Immediately after the section of the nerve, 
there is sometimes slight increase of electric response to both 
currents, when applied to the peripheral portion, which, how- 
ever, only lasts a day or two. This is due to excess of 
excitability, as a result of irritation from the injury. After 
this there is a continuous quantitative diminution with both 
currents, without qualitative changes, a stronger power being, 
necessary to cause the former amount of muscular contrac- 
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tions. This bLows diminished ftmctional activity of nerve 
accompanying organic changes in structure. This impaired 
response rapidly advances so that in from the seventh to the 
tweKth day, the excitabihty of the nerve to both currents 
becomes completely abolished, this loss of action spreading 
from the cut surface of the nerve to its periphery. This 
remains permanent, unless regeneration takes place, in 
which case the normal contractions slowly return in pro- 
portion to the renewal of tissue, and to about the same 
extent with both currents. The improvement begins in the 
same direction as the disease followed, namely, from the 
centre to the* periphery. For a long time the response to 
both currents remains below the normal standard, even after 
voluntary motion has quite recovered. This fact indicates, 
that although the nerve has sufficiently recovered to convey 
voluntary impressions of motion, owing to the recent changes 
in structure it has not yet completely attained its electric 
excitability. 

When the nerve is partially injured, or bruised only, the 
electrical reactions are not so complete, but bear a relation to 
the severity of the anatomical changes. 

Voluntary Muscle, — The reactions to muscle are more com- 
plicated, and differ with the two currents, the action of which 
must be considered separately. 

Faradism—'^iih. this the action is exactly similar to that 
of nerve, namely, — rapid diminution ending in complete ex- 
tinction in about twelve days, at the end of which time direct 
irritation of the muscle with the induced current produces 
no muscular contractions. This shows that the peripheral 
branches of the nerve, as well as its trunk, are functionally 
as well as structurally altered. The return reactions to 
muscle, in cases which recover, are the same as those to 
nerve, only somewhat more tardy in appearance. 
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Galvanism. — The reactionB with this are very different. 
On beiag applied directly to the muscle, for the first week 
there is progressive diminution of response, sometimes pre- 
ceeded by shght exaltation. At the end of this time, a 
gradual increase of reaction is developed, which, towards the 
close of the second week, may exceed the normal condition. 
This indicates the effects of removal of the nerve influence, 
the muscular fibre itself beiag as yet structurally healthy. 
Soon afterwards, quahtative alterations or a change in the 
natural order of the law of contractions, develope themselves. 
This is exactly reversed, the anodal closure contraction being 
increased so as to equal or exceed the cathodal closure contrac- 
tion (A.C.C. = C.C.C. or A.C.C. > C.C.C.) and the cathodal 
opening, equals or surpasses the anodal opening contraction 
(C.O.C. = A.O.C. or C.O.C. > A.O.C. The nature of the 
contraction also differs. In place of being as in health, im- 
mediate, and short, it is sluggish and prolonged, and often 
there is a state of muscular tonus which remains while the 
current is passing. This sequence of events has been termed 
by Erb the "Keaction of Degeneration," which is a con- 
venient expression indicating that series of electrical pheno- 
mena, associated with degeneration of muscle. At certain 
stages, the openiag contractions altogether disappear, and 
this in proportion as the slowness of the contractions increase 
to the closure of the current. This condition lasts from three 
to eight weeks or more, indicating alteration • of muscular 
fibre, without absolute destruction of it. After this, there 
is a gradual dimiaution of response to the galvanic current, 
although the quahtative changes remain, with the slow and 
prolonged nature of the contraction. This points to organic 
disintegration of the muscular substance, and this is in pro- 
portion to the amount of electrical impairment of response. 
This may so increase, that in cases which do not recover, it 
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is finally completely lost, the anodal closure contraction being 
the last to be demonstrated. Then we may conclude that the 
muscle is totally destroyed. K the muscle recovers, the gal- 
vanic reaction is slowly re-established, but remains for a long 
time below the normal standard, after voluntary power has 
returned, and later even than the effects of faradism on the 
nerve. So that after the response of nerve to the induced 
current is normal, that of muscle to the continuous may 
remain diminished. This is evidence, that the regeneration 
of nerve and voluntary motion, is in advance of that of mus- 
cle, which is a slower process. The reaction of galvanism to 
muscle is therefore independent of that of faradism to nerve, 
so that we may have the latter producing healthy contractions 
when stimulated indirectly, with normal voluntary motion, 
and at the same time with the former diminished response, 
and even slight quahtative changes when applied directly to 
the muscle. Such would suggest that while both nerve and 
muscle were practically healthy, the latter from its late thick- 
ening and induration constitutes a bad conducting medium 
for the electricity to reach and act upon its substance. 

Such then is the sequence of anatomical changes, which 
occur both in nerve and muscle, after artificial section of the 
former, and also the series of electrical phenomena which 
ensues. These bear a marked relation to one another, so 
that a careful comparison of the preceding considerations 
will enable the observer from the electrical conditions, to 
arrive at an exact knowledge of the histological state of 
either nerve or muscle. A knowledge of this, as will sub- 
sequently be shown, is of the greatest importance in the 
the diagnosis of many nervous diseases. The diminution 
or loss of electric excitability to nerve, indicates its degener- 
ation, and the stage in proportion which it has reached. The 
extinction of the faradic current to muscle, does not prove 
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mnscnlar degeneration, bat loss of excitability of the nervous 
filaments in its substance. The increase to the galyanic 
current shows the fibres to be essentially healthy, bat their 
nutrition altered through being deprived of nerve influence, 
and the quaUtative changes, indicate d^enerative modifica- 
tions of its structure. The subsequent diminution of the 
galvanic irritability, is evidence of atrophy of the fibres, and 
its total loss is proof of the complete destruction of the 
muscle. 

The following table attempts to show the relation which 
exists between the anatomical changes in nerve and muscle, 
and the electrical reactions. A case of serious injury of nerve 
is taken as an example. 



Anatomical State of Nerve and 
Muscle, 

Before injnrj. Nerre and muscle 
nonn&L 

lit week Biter iii)UTj. Nerve, Co- 
agolatioii, breaking up of medullary 
•lieath into granules and &t glo- 
boles. Musde, No marked change. 

2nd to 4th week. Nerve. Contin- 
ued degeneration, extensive ^tty 
metamorphosis. Musde. Commenc- 
ing atrophy of fibres. 



4th to 10^ week. Nerve. Contin- 
ued degeneration, diminution of me- 
dullary and fatty masses which are 
absorbed, hypertrophy of neuro- 
lemma. Muscle* Atrophy contin- 
ues, diameter of fibres diminished 
by absorption. Stria obliterated. 
Multiplication of nuclei. Increase 
of connectiTe tissue. 



Electrical Reactions. 

Before injury. Electrical reactions 
normal. 

let week after injury. Nerve. 
Faradism and galvanism, great dimi- 
nution. Muede^ Faradism, great 
diminution, galTanism, slight dimi- 
nution. 

2ndto 4iih %Deek. Nerve. Faradism 
and galvanism, total loss of reaction. 
Musde. Faradism, total loss of re- 
action. GkJvanism, gradual increase 
of response C.C.C.^A.C.C, but 
latter increased. 

4ih to l(Hh wedc, Nerue. Total 
loss of response to feradism and 
galvanism. Musde. Total loss to 
fiuradism. To galvanism response 
still high above normal but begina 
to diminish. Contraction slow and 
tonic, A.O,C. =C.C.O., or A.C.O. > 

c.c.c. 
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10th to SXith week. Nerve. Tubes 
completely degeoerated, increase of 
nuclei, masses of ^Eit and grannies, 
axis cylinder resists longest, hyper- 
trophied connectiTC tissne in abun- 
dance, tme cirrhosis of nerve. Mus- 
cle. Atrophy progresses, granular 
and fatty degeneration, disappear- 
ance of fibres, hypertrophied con- 
nectiTe tissue. 

S(Hh to 40t7i. week. Nerve. Be- 
generation begins, absorption of 
degenerated matter, new formation 
of nerre tissue. Muscle, Continues 
as before. Cirrhosis. 

40^^ to ^th week. Nerve, Re- 
generation continues. Muscle. Be- 
gins to regenerate. 



After 65th week, Begeneration 
progresses slowly in both nerve and 
fnuscle to complete recovery. Con- 
nective tissue of muscle long remain- 
ing thickened. 



10th to 90th vjeek. Nerve. Total 
loss to faradism and galvanism. 
Muscle, Total loss to faradism. To 
galvanism response has g^radually 
&llen to about normal level. Con- 
traction slow and tonic. A.C.C. ^ 
C.O.O., or A.C.O.>C.C.O. 



ZOth to 40th week. Nerve. Gradual 
return of response to both currents. 
Muscle. Faradism, no response. Gal- 
vanism falls below normal. A.C.C. 
= C.C.C., or A.C.C.>C.C.C. 

40^^ to 55th week. Nerve. Con- 
tinued increase of response to both 
currents, but both still below nor- 
mal. Muscle. Besponse to faradism 
begins. Galvanism still falling. 

After 55th week. Beaction to both 
nerve and nrnsde grtidxiaXiy improve, 
but remain a long time below normal 
after voluntary motion has com- 
pletely returned. 
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Electucal Beachoxs dc Disbasb. 

Ws hsTe seen, that after mechanical injmy to a motor nerve, 
a well defined series of pathological changes ensne, in both 
nerre and moscle. The same sequence of events is found to 
take place in many diseases of the nervous system. It has 
been also shown, that these anatomical alterations are ac- 
companied by characteristic electrical reactions, the one bear- 
ing a constant relation to the other. It is, therefore, evident, 
that a careful comparative study of these physical states, must 
lead to very important information concerning the nature of 
disease. In the present enquiry, we shall have to deal mainly 
with modifications of motiUty, and more particularly with 
paralysis. In this condition the electrical reactions vary in 
its different forms, and may be classified as follows : — 

1. Normal BeaetUnu in ParalysU, — ^With loss of voluntary 
motion, the responses resulting from the irritation of both 
currents, to nerve and muscle, may be normal, or practically 
littie changed. This indicates that, although movements are 
arrested, the structure of nerve and muscle is healthy. This 
occurs in all paralyses of cerebral origin, the explanation of 
which will be understood from a consideration of the hypo- 
thesis subsequentiy to be advanced, namely, that serious 
degenerative changes only take place, when there is either 
disorganisation of the trophic centres of the spinal cord, or 
when the influence of these is cut off from the tissues by 
disease or injury of any portion of the motor tract. These 
normal reactions also occur in many spinal paralyses, indeed, 
in all those in which the grey matter of the cord is not in- 
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volved. Even in paraplegia, as a result of this, the elec- 
trical reactions of the lower limbs may be normal. This 
shows that the portion of the cord, from which the nerves to 
the lower extremities take their origin, is healthy. Careful 
examination of the muscles higher up, would probably end in 
the discovery of some point where abnormal electrical reac- 
tions were found, from the extent of which we would infer 
the limits of the lesion in the grey matter. The same may 
exist in certain stages of peripheral paralysis, especially those 
of a slight and temporary character, indicating, that although 
the affection is sufficient to cause abeyance of voluntary motion, 
it is not so advanced as to induce such organic change as leads 
to abnormal electrical reactions. Finally, the whole class of 
BO- called functional paralyses are as a rule accompanied by 
negative phenomena. For example, in a chronic case of 
hysterical paraplegia, the responses to the faradic and gal- 
vanic currents would be everywhere normal to both nerve and 
muscle. 

2. Quantitative Changes in Paralysis. — These consist of sim- 
ple increase, or diminution, of electrical response, without the 
reaction of degeneration or other qualitative changes. 

(a.j Simple Increase, is occasionally seen in a variety of 
different forms of paralysis. It 'is usually of slight degree 
and of temporary duration. It is sometimes present in the 
affected limbs, resulting from cerebral disease, and especially 
in its early stages. It occurs ui hemiplegia following haemor- 
rhage, embolus, and other acute diseases of the brain, and is 
due, either to the presence of an irritating lesion, or to the 
inhibitory influence of the cerebral centre being removed from 
the peripheral tissues. Therefore, simple increase of electro- 
excitability, slight, uniform, and temporary, at the outset of 
the disease often occurs in cerebral disorders, and if the in- 
crease be considerable there is probably an irritating lesion. 
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In certain forms of spinal disease this qnantitative increase 
may also be found. In almost all acute and inflammatory 
affections, such as meningitis and myelitis, this may exist at 
their onset, but as a rule is only temporary, and is due to 
increased excitability of the tissues as a result of the morbid 
process. It usually disappears with the progress of the dis- 
ease, as it becomes chronic. In any irritating lesion of the 
cord this may likewise be observed, but is generally of a 
transitory nature. In certain chronic disorders it exists, 
and more especially in the early stages of degeneration of the 
posterior, and antero-lateral columns, as in locomotor ataxy 
and lateral sclerosis, and in the latter disease, it may be of a 
tolerably permanent character. Even in the incipient stages 
of chronic disease of the grey matter of the cord, this increase 
of response may occasionally be observed, as in progressive 
muscular atrophy, infantile paralysis, etc., but is always 
slight in degree and temporary in duration. This condition 
is probably due to the excitability of the nervous structures 
being increased by irritation of the disease in the cord. 
In cases of paraplegia, the whole thickness of the cord 
may be destroyed to a limited extent, producing com- 
plete paralysis of the lower part of the body, and yet the 
electrical reactions may be there quantitatively increased. 
This is due, partly to irritation, but is chiefly the result of 
the inhibitory influence of the brain being removed from the 
peripheral parts, the tracts to and from which, probably lie 
in the lateral columns. Increase of electrical response is 
occasionally observed in the very early stages of peripheral 
paralysis, in which it is sHght and temporary, and is the 
result of the irritating lesion. This increase is also seen in 
Junctional paralyses, and in cases of weakness from general 
debihty ; and is explained by depression of the nervous cen- 
tres, depriving the nerve and muscle of their normal inhibi- 
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tory influence. Increase of response with galvanism, and 
diminution with faradism, to muscle, is almost always asso- 
ciated with qualitative changes, and indicates serious disease 
of the nerve, with commencing alteration of muscle. 

Another explanation of the increased electric excitabihty 
may be, that the disease has modified the conducting media 
of the affected parts. Atrophy of fat, skin, or ohter tissues, 
iiiay, by diminishing the resistance, enable the current to 
reach the structures below more readily than in health, and 
thus cause an apparent increase of action. In other ways 
also, that we cannot explain, the unhealthy condition may 
augment the readiness of response. On this subject we 
have little definite information, but it must not be lost sight 
of that this is a possible explanation of hyper-excitability 
to the electric stimulus. 

In some anomalous forms of paralysis to which we apply 
the term ** hysterical," there is remarkable irritabihty and 
exaggeration of all the reflex acts. These are so exalted, 
that when an electrical current is applied to a nerve or its 
branches, it excites a series of reactions never seen in health. 
Instead of the muscular contractions being limited to the 
tissues directly stimulated, there is vigorous action of the 
neighbouring, and even of distant parts. Sometimes the 
muscles of the opposite limb are put into functional activity. 
Benedickt states that he has observed this in a case of pro- 
gressive muscular atrophy. Personally I have noticed these 
phenomena on several occasions, but only in those forms of 
paralysis which from other circumstances had been diagnosed 
as hysterical. Beard and Kockwell consider this to be the 
result of organic disease of the cord. This will of course 
depend upon the definition of so called functional disease and 
what the pathologist understands by the word "organic." 
Under any circumstances it is clear evidence of some abnor- 

f2 
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mal hyper-excitability of the nervons system, and of some 
local condition of the grey matter of the cord, ^te apart 
from cerebral and mere volitional imperfections. 

b. Simple DimintUian. 1st Nerve, — The response of both cur- 
rents to the nerve may diminish to complete abohtion, 
without necessarily being accompanied with qualitative 
changes. To a moderate extent this may be present in 
all very chronic forms of paralysis from whatever source, 
and is the resnlt, partly of function being so long in abey- 
ance, and to simple atrophy, and partly to secondary de- 
generation in the nerves themselves. In paralysis from 
cerebral disease which has existed many years, there is gene- 
rally slight quantitative diminution of response in the af- 
fected limbs, as compared with those of the healthy side, 
but this never exists to a great extent, even in the most 
advanced cases. The same takes place, and for the same 
reason, in chronic spinal paralysis. K the anterior comua 
are diseased, there are in addition, qualitative changes. 
Finally, simple diminution in response appears in almost all 
cases oi peripheral paralysis. 

Simple diminution of response in all these cases indicates, 
that while the fimction of the motor nerve is impaired, and 
its structure altered, its degeneration is not complete, and 
the extent of this may be judged from the amount of the 
electrical reaction. Care must be taken not fco confound the 
diminished action to nerve, with a possible primary atrophy 
of muscle. 

2nd Muscle, — Diminution or loss of response to the faradic 
stimulus applied directly to muscle, indicates impairment 
or destruction of the intra-muscular nerves, not necessarily 
of the fibres themselves. This usually occurs coincidentally 
with disease of the nerve trunks, and under the same condi- 
tions. Diminution or loss to the galvanic current, is gene- 
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rally accompanied by qualitative changes, but by itself 
indicates serious destruction of muscular tissue. 

8. Qtuditative Changes in Paralysis. — This implies that the 
electrical responses to nerve and muscle have undergone 
changes in quality and character, in addition to alterations 
in quantity and degree. The former never exists without the 
latter, and the two together constitute the reaction of degene- 
ration. In cerebral paralysis this is never seen, except in 
those unusual cases, when a tumour of the brain, by 
mechanical pressure, causes disease of a peripheral nerve, 
with the usual degenerative sequence of events. This, how- 
ever, is not a true cerebral paralysis. In certain forms of 
spinal paralysis the reaction of degeneration is found in its 
full extent, namely, complete loss of response of nerve to 
both currents, loss of response of muscle to faradism, in- 
creased action of muscle to galvanism, with inverted polar 
reactions. This is seen in diseases of the cord, in which the 
multipolar cells of the anterior cornua of the grey matter are 
degenerated, as in extensive myehtis, and infantile paralysis. 
This reaction is never met with in degenerations of any other 
portion of the cord, and is consequently absent when the 
posterior or antero-lateral columns alone are involved, as in 
locomotor ataxy, and lateral sclerosis. In peripheral paraly- 
sis, the reaction of degeneration is present in its most typical 
form, and is met with in all severe injuries or diseases of the 
motor nerve trunks. It is therefore found in surgical injuries 
to nerves, and in all those morbid conditions, rheumatic and 
otherwise, which seriously involve their structure. This 
condition is also seen in certain affections, the origin and 
nature of which are as yet not thoroughly understood, such 
as lead palsy, btit if not demonstrated, the general symp- 
toms as well as the electrical reactions, enable us to suspect 
the seat of lesion. 
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The complete series of changes just described, indicates 
serious disease of both nerve and muscle. There are, how- 
ever, modifications from the typical reaction of degeneration, 
by no means uncommon, and very important in diagnosis. 
Ist. The iacrease of galvanic response is frequently absent, 
all the other signs being present. The explanation of this is 
not certain, but it is probably due to the fact that, in chronic 
disease, the changes in nerve and muscle proceed slowly 
together, so that by the time the influence of the nerve is 
totally lost, the excitability of the muscular fibre has parti- 
ally diminished. This seems all the more likely as we find 
that the increase is always best marked in paralysis which is 
suddea and complete. 2nd. The response to the nerve may 
remain normal throughout its whole extent, and produce 
healthy reactions when stimulated with both currents, the 
muscle irritated directly with faradism also being followed by 
normal actions ; but with galvanism, indicating the usual 
degenerative reactions, as in progressive muscular atrophy^ 
amyotrophic lateral sclerosis, etc. This indicates that while 
the nutrition of the nerve is healthy, that of the muscle is 
diseased. Brd. Conditions arise in which the nerve trunk is 
found impaired to the action of both currents, but each, when 
applied directly to the muscle, is followed by normal reac- 
tions. This poiats to partial disease of the nerve trunk, its 
peripheral intra-muscular branches, and the muscle itself 
remaining healthy. This is seen in the early stages of 
rheumatic neuritis, or traumatic injury of nerve. 4th. Both 
currents applied to the nerve trunk fail to produce any 
response, with faradism to muscle no reaction, but with 
galvanism to the latter, normal or increased reactions. This 
indicates that the nerve is diseased throughout its entire 
length, including the peripheral filaments, and that the 
muscle is healthy, which is sometimes seen in the earlier 
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stages of nerve trunk disease, and in acute affections of the 
anterior cornua of the cord. 5th. There may exist a state 
in which both currents applied to the trunk of a nerve, pro- 
duce normal contractions, faradism direct to muscle, no 
response, and galvanism to the same, healthy action. This 
is evidence of normal nerve trunk and muscular fibre, but 
disease of the intra-muscular nervous branches, and is 
found in cases of temporary paralysis from cold, etc. This 
phenomenon also shows that the healthy nerve trunk, when 
stimulated, is capable of transmitting its motor influence to' 
the muscle through its diseased peripheral branches. 6th.. 
When irritation of the nerve trunks by both currents cause 
normal contractions, faradism direct to muscle no response, 
and galvanism to the same, all the signs of reaction of de- 
generation, we conclude that the trunk of the nerve is 
healthy, and that there is degeneration of muscle with its 
intra-muscular nerves. This may sometimes be seen in lead 
palsy. 7th. With nerve either healthy or diseased, if muscle 
shows quantitative diminution to galvanism, with or without 
qualitative changes, it indicates serious degeneration of the 
muscular substance, as seen in advanced infantile paralysis 
and progressive muscular atrophy, 8th. Lastly, complete 
abolition of response with both currents, to nerve and muscle, > 
indicates entire destruction of these two structures, as seen 
in the late stages of polio-myeHtis anterior, lead poisoning,, 
and peripheral paralysis. 

4. Effects of Interrupting the Currents in Paralysis, Fara- 
dism, — In health, as has already been pointed out, the more 
rapidly the faradic current is interrupted, the more powerful* 
is the stimulus to a motor nerve. In disease it is exactly the 
reverse, as when there is nervous degeneration, the slower 
the interruptions, the more vigorous the muscular contrac- 
tions, and vice versa. At certain stages of disease there maj 



he no rs^onae wfas&ivi^ to irrffiifiHtn ctf m nenne wifli impid 
iniem^tBCHiSr wMIie^ &eb sxst sixst wiifiL tlieT* axe tot slow. 
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Galramtm, — ^In disease, die result of die intompted con- 
tiniiocis cnrrent wIisl applied to nerre, is tiie same as that 
just described as occortmg after fuadLazo, namebr, the more 
adranced the degeneratux!, the less capable it is of respond- 
ing to rapid intampdons. When the nerre is so altered in 
stmetore as to deprive the mnsde of all norons infinence, 
the reactioiis on the latter are difierent. We haTe already 
seen that under these circnmstances where the fibres remain 
healdiy there is tetanic spasm when intermpted galyanism is 
applied to them, bnt the energy ci this is in proportion with 
the slowness of the intermptions, hence the more rapid they 
are, even in health, the less active the result. When the 
fibres are diseased, this power of response to the intermpted 
continaons current is diminished, so that as the degeneration 
adyances, the muscle only responds to yery slow contractions. 
Thus, in our inquiry, if a muscle reacts to yery rapid gal- 
Tanic interruptions, we may infer that its structure and 
nerye supply is normal, and in proportion as it feuls to 
respond, so are these degenerated. If the nerye trunk does 
not, but the muscle itself reacts to a moderately interrupted 
current, we may conclude that, while there is alteration in 
the structure of the former, the latter is not materially in. 
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volved. If the muscle only contracts with slow interruptions, 
it is evidence of considerable modification in its nutrition, 
and finally, if it does not contract with even the slowest 
interruptions of a powerful current, we may conclude that 
total destruction has ensued. 

I have observed on several occasions in diseased muscle, 
that rapidly interrupted galvanism produced a sudden con- 
traction, immediately followed by relaxation, although the 
current stiU continued to pass; in short there was no 
tetanus. I do not know how this is to be explained, or 
what morbid state it exactly represents. It would seem io 
indicate that in advanced muscular degeneration, without 
complete disorganization, the shock of interrupted galvanism 
produces a contracj^ion, but that the muscle, owing to dis- 
ease, has lost its tonicity, and capacity to maintain a tetanic 
spasm. 

Theoby of Electrical Eeactions in Disease. 

We have seen, in paralysis arising &om diseases of differ- 
ent localities, and involving different structures, that although 
loss of voluntary motion is a common symptom of all, the 
electrical reactions greatly vary, and that, as we shall find, 
according to the tissues affected. In some these are normal, 
in some there are only quantitative changes, and in others 
there are qualitative alterations in various degrees and 
character. This last, or the reaction of degeneration, is 
never found in paralysis &om brain disease, or in those 
affections of the spinal cord in which the white columns 
alone are degenerated. It is met with only when there is a 
lesion of the grey matter of the cord, or when there is serious 
injury or disease of the peripheral nerves. It is therefore 
evident that destruction of the cerebral tissues, or of the 
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white columns of the cord, do not in any way affect the 
nutrition of nerve and muscle, while if the grey matter of 
the latter is disorganized, or its influence severed from the 
muscle, there is atrophy with modified electrical reactions. 
This fact combined with clinical observations, seem to indi- 
cate that in the centres there are various separate tracts for 
conveying nervous influences, whether of sensory, motor, or 
trophic character, that these run different courses, and that 
one or more of them may be specially diseased. The most 
plausible hypothesis to explain this, although not anatomi- 
cally demonstrated, and that which seems to accord best with 
known facts, presumes, that in the multipolar cells of the 
anterior cornua of the grey matter of the cord, are situated 
those elements which preside over the nutrition of both nerve 
and muscle. When this portion of the nervous centre is 
completely destroyed, there is invariably alteration in their 
structure, as seen in severe myeUtis and infantile paralysis. 
That these nutritive centres are distinct from the sensory or 
motor tracts is evident from the fact that there may be a 
loss of both sensation and motion, without necessary altera- 
tion in the structure of either nerve or muscle, as is observed 
in paralysis &om disease of the brain or white columns of the 
cord ; and conversely there may be degeneration of tissues, 
without either paralysis of motion or sensation, as is seen in 
progressive muscular atrophy. It would also appear that 
the trophic centres themselves may be further subdivided 
into special channels supplying particular tissues, as ia the 
anterior cornua there not only exist elements influencing the 
nutrition of nerve and muscle, but these apparently are dis- 
tinct from one another, running a different course, and 
capable of being independently diseased. This is iadicated 
by the fact that in certain partial degenerations of the grey 
matter of the cord, the muscular substance alone atrophies. 
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while the nerve tissues remain healthy, as in progressive 
muscular atrophy ; and in others the nerve may be altered, 
and the muscle continue normal, as in the early stages of 
polio- myelitis anterior. In disease of the anterior comua, 
why certain of their trophic cells should become functionally 
inactive, leaving others normal, we do not know, nor has an 
explanation as yet been anatomically demonstrated. The 
clinical and pathological fact remains, that in diseases of the 
anterior cornua, in some^ the nerve only is degenerated, in 
Bome the muscle alone, and in others both of these are 
altered in structure. The practical point to be observed is, 
that in paralysis from disease of the spinal cord, if degenera- 
tion of either nerve, or muscle, or both exist, we may 
conclude that the seat of the lesion is in the ganglionic 
cells of its anterior comua, and on the contrary, if these 
structures are normal, it may be inferred that this portion of 
of this spinal centre is healthy. 

The same explanation is applicable to the phenomena of 
the reaction of degeneration, which follows injury or disease 
of peripheral nerve. In this case the tracts conveying nutri- 
tive and motor influences to the nerve and muscle are severed 
by the lesion, and the connection between the centres and the 
tissues are broken. Hence the completeness of the paralysis 
and of the degenerative and electrical changes following peri- 
pheral nerve affections, as compared with those following 
cord disease, in which some of the elements may escape 
destruction. 

All these phenomena have been ingeniously portrayed by 
Erb, and the accompanying diagram (fig. 5), slightly modi- 
fied from his, places this hypothesis ia so clear a light, as to 
be readily understood. G is a large multipolar ganglionic 
cell iQ the anterior comua of the cord. N a peripheral nerve 
trunk supplying M, a muscle, c is the motor conductor from 
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the brain, which lies in the lateral colnnms of the cord ; this 
continues through the ganglionic point G to c'. m is the 
central trophic apparatus for the muscle. The tract m-m' 
represents the trophic conduction emanating from the appa- 
ratus, and somewhere (probably at G) uniting with the motor 
tract, n is the central trophic apparatus for the motor 

Fig. 5. 
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nerve, and n-n' is the tract which conducts its trophic in- 
fluences to the motor fibres. If c alone is diseased, there is 
paralysis without atrophy of nerve or muscle, and normal 
electrical reactions as in cerebral diseases, and lateral sclero- 
sis. If m alone is diseased there is atrophy of muscle, 



ELECTRICAL REACTIONS IN DISEASE. 77 

without paralysis or nerve affection, and the electrical re- 
actions demonstrate normal conditions to nerve, with quanti- 
tative and qualitative alterations of muscle, as seen in 
progressive muscular atrophy and bulbar paralysis. If n 
alone is diseased, the nerve is degenerated, and the muscle 
remains healthy. The electrical responses are lost to nerve, 
and galvanism is normal to muscle, as seen in the early 
stages of infantile paralysis. If c-m are both diseased, there 
is paralysis with muscular atrophy, the electrical reactions 
indicate healthy nerve and diseased muscle, as in amyo- 
trophic lateral sclerosis. If c-n are diseased, there is 
paralysis with degeneration of nerve, and healthy muscle. 
If m-n are diseased, there is degeneration of both nerve and 
muscle. The same ensues with paralysis if c-n-m are aU 
affected together, or G by itself is destroyed, as seen in 
myelitis transversa, or polio-myelitis anterior. 

When N is entirely diseased, including the tracts c'-n'-m', 
there is complete loss of voluntary motion, with degeneration 
of nerve and muscle, with corresponding electrical reactions, 
or the severe form of peripheral paralysis. If c'-m' or c'-n' 
are degenerated, in the one case there is paralysis with atro- 
phy of muscle, and in the other paralysis with alteration in 
nerve, or the middle forms of peripheral paralysis. If the 
tract c' alone is involved, there is loss of voluntary motion, 
with healthy nerve and muscle, and normal electrical reac- 
tions, or the mild form of peripheral paralysis. 

It is to be remembered that the preceding statements are 
purely hypothetical and diagrammatic, and although they 
appear to be the most plausible explanations of the clinical 
facts, it must be admitted that they have not been actually 
demonstrated. 
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CHAPTER Vm. 

Electbical Reactions in Special Pabaltses, Illustrated bt 

Cases. 

I. Pabaltsis fbom Disease of the Bbain. 

In paralysis, as a result of disease of the braio, the electrical 
reactions of both nerve and muscle are as a rule normal. 
However long the loss of motion may have existed, the con- 
tractihty of the affected muscles is the same as in health. 
Although this is the general law, it is subject to certain 
limitations. If the local injury or disease produces irritation 
of the centres, the excitabihty of the nerves and muscles is 
sometimes thereby augmented, and there is in consequence 
simple quantitative increase of response to the electrical 
stimulus, which is observed chiefly at the onset of the dis- 
ease. Another reason for this increased reaction in paralysis 
from destruction of cerebral tissue, is, that as a consequence 
the inhibitory influence of the brain upon the spinal cord and 
nerves is removed, and thus motor activity is augmented be- 
low the seat of lesion. Again, this may be the result of a 
modification of the resisting media caused by the disease, due 
to atrophy of the intervening tissues, especially of the skin 
and fat. This may induce an apparent excess of action to 
the same strength of current on the affected, as compared 
with the healthy side. In certain other cases, especially 
those of a very chronic nature, there may be simple quan- 
titative diminution of electrical response, but this never exists 
to a great extent. It is the result of disuse of the muscles 
bringing about simple atrophy of their substance, and con- 
sequently slight diminution in the vigour of their contrac- 
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tions. It may also be due to secondary anatomical changes 
in the spinal cord and nerves, which are accompanied by 
modifications in their excitability. Certain cerebral diseases, 
such as tumours, abscesses, etc., may, by pressure on the 
cranial nerves cause their degeneration and corresponding 
electrical changes, but such cases are in reahty peri- 
pheral paralyses, although originating in a lesion of the 
brain. In short, for practical purposes it may be stated, 
that in paralysis &om brain disease, the electrical reactions 
to the affected nerves and muscles are normal, or only ex- 
hibit slight quantitative, and never qualitative modifications. 
This fact by itself is of great importance in diagnosis. 

A. Paralysis from Disease of the Brain. Electrical 

Eeactions Normal. 

Case I. — Hemiplegia of three years standing^ probably hamor- 
rhagic. Electrical reactions normal. E. M., set. 60, female, 
housewife. With the exception of headaches, the patient 
was quite well till three years ago, when her husband 
died. Soon afterwards, having gone to bed one night 
in her usual health, next morning her right arm and leg 
were found partially paralysed. From this she in some 
degree recovered. Six months afterwards, while lifting a 
heavy weight, her left arm suddenly became completely 
useless. This after a time improved, but imperfectly. A 
year ago the right side became gradually weaker, and this 
has increased up to the present time. 

On examination, the patient is a fairly healthy looking 
woman. Her head has a tendency to lean towards the left 
side. There is slight indistinctness of speech, but no aphasia. 
The lower part of the right side of the fsice is partially para- 
lysed. The special senses are normal. The tongue is pro- 
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traded slightly to the left, and its movements are sluggish. 
Both arms are very weak in all their movements, and she 
cannot reach her head with either hand. There are no 
contractures. She is very lame in the right leg, and drags 
the toes turned outwards along the ground. There is no 
atrophy of the muscles. 

Electrical Reactions, — These are normal with both currents 
applied to nerves and muscles. 

Case II. — Paralysis of right arm of four years duration, the 
result of cerebral disease. Electrical Reactions normal, W. G., 
sat. 55, male, tailor. The patient states that he was in good 
health till about four years ago, when for the first time he 
noticed weakness of the right arm and hand. This very 
gradually increased, so that in two years he was obliged to 
give up his work. Since then the paresis has continued to 
augment. He thinks that recently the right leg has been 
slightly weak, and that with the arm it sometimes shakes. 
Lately, he fancies his speech and eyesight have been afifected. 

At present the patient is a perfectly healthy and intelligent 
man. There is slight external strabismus of the right eye, 
and both pupils are dilated and sluggish. The mouth when 
opened, is slightly drawn to the left. Speech is not afifected. 
Sensibility everywhere normal. There is paralysis of the 
right arm, but this is not complete. Most of the movements 
can be performed but very slowly and feebly. He cannot 
overcome the weight of his arm in raising it towards his 
head, the movements of the joints are feeble and the 
grasp of the hand is almost nil. There is no atrophy, 
rigidity, or contracture of the limb, but there is a slight 
tremor of the entire right upper extremity and hand, which 
is increased by emotion, and attempts at suppressing it. The 
remainder of the body is healthy, except that the patient 
states he thinks the right leg is slightly weaker than formerly. 
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The only objective symptom there to be discovered, is very 
slight tremor. The reflexes on both sides are equal and 
normal. 

Electrical Reactions, — To the nerves and muscles of all the 
limbs, the paralysed one included, the reactions to faradism 
and galvanism, are normal, and equal on both sides. 

« 
B. Paralysis from Disease of the Brain. Eleotrioal 

Eeactions Quantitatively Increased. 

Case III. — Hemiplegia of four months standing , probably 
hemorrhagic. Electrical reactions, quantitatively increased, 
P. S., set. 22, male, fishmonger. The patient states that he 
"was quite well till four months ago. One day, without apparent 
cause, and while engaged at his ordinary work, he fell down 
unconscious, and had " a fit." On recovering from this he 
was paralysed on the left side, but was able to walk home 
with assistance. Next morning the entire left side was com- 
pletely motionless. Since then, the loss of power has con- 
tinued, but has considerably improved. 

At present, the patient is a healthy looking man. At 
rest, the face is drawn to the right side, and on movement, 
it is markedly deficient in action on the left. Speech is 
sHghtly indistinct, but there is no aphasia. All the move- 
ments of the left upper extremity are very feeble and imper- 
fect, the grasp of the hand being almost nil. All the muscles 
are in a state of rigidity aud contracture, which can be over- 
come by gentle passive motion. There is no atrophy of the 
limbs. The patient walks lame, and drags the left leg, which 
is stiff and rigid, owing to muscular contracture. The heart 
is normal. 

Electrical reactions, — Application of both currents to the 
nerve trunks of the left side, indicate marked increase of mus- 

6 
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cular contractions as compared to those of the right side, and 
a weak current which produces slight reactions on the left, 
does not do so on the right. To the muscles, the contrac- 
tions are slightly more vigorous on the paralysed than on the 
healthy side. There are no qualitative changes. 



<j. Pabaltsis fbom Disease of the Brain. Electrical 
Reactions Quantitatively Diminished. 

Case |IV. — Hemiplegia of fourteen years standing^ probably 
embolic. Electrical reactions, quantitatively diminished, M. C, 
«Bt. 85, Female, S. Barmaid. The patient was quite well till 
fourteen years ago. One morning on waking the patient 
found she was speechless and paralysed on the right side. 
She was taken to a hospital where she remained a month, at 
the end of which time her speech had completely returned, 
and the paralysis had much improved. A year afterwards the 
patient had an attack of a similar nature and her right side 
has been weak ever since. 

At present the general health is good and there is no heart 
disease. The patient walks very lame with the right leg, 
which she swings, and the muscles of which are stiff and 
rigid. The movements of the right arm are very limited, 
partly owing to the advanced state of contracture in the 
limb. All the joints are firmly flexed, and the skin is cold 
and livid. 

Electrical Reactions, — Faradism applied to the nerve trunks 
and muscles of the right, shows the responses to be univers- 
ally diminished as compared with the left side, but not to a 
great extent. Galvanism to both nerves and muscles of 
the affected limbs indicates slight quantitative diminution, 
without qualitative changes. 
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D. Paralysis from Disease of the Brain. Electrical 
Reactions Normal to most of the Nerves and Muscles. 
Reaction of Degeneration to certain Nerves and 
Muscles as a Result of Mechanical Pressure. 

Case V. — liight hemiplegia probably the result of cerebral a6- 
scess, Ehctrical reactions to paralysed side normal. Left facial 
paralysis with reaction of degeneration to muscles. J. G., 8Bt. 64, 
male, mason. The patient has suffered for many years from 
diabetes, but with this exception has been in good health till 
about a year ago. At this time he had a fall on the head, 
and was severely wounded over the left parietal bone. Por- 
tions of this necrosed and kept up an open sore, which only 
Lealed a few weeks ago. Three weeks ago he was one day 
suddenly seized with a feeling of stiffness in the left side of 
his face, and shortly afterwards it was noticed that this was 
partially paralysed, and that the features were drawn towards 
the right. He also experienced severe pains in the head, and 
acute ear-ache on the left side. These symptoms have con- 
tinued since. 

At present the diabetes exists as formerly. The left side 
of the face is completely paralysed with all the usual symp- 
toms, the features drawn towards the right, inability to 
close the left eye, embarrassed speech, collection of food in 
the cheeks, etc. Sensibility of both sides of the face normal. 
Electrical Reactions. — Faradism applied to both nerve and 
muscle on the left side, produce no contractions. There is 
also no response with galvanism to the nerve trunks. This 
current directly to the muscles causes more vigorous con- 
tractions on the diseased than on the healthy side, they are 
slow and tonic, and the A.C.OC.C.C. 
The severe pain in the head, with giddiness, and paralysis 

g2 
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of the face continued, without any affection of the limbs. 
Since the accident, the sight of the right eye has been im- 
paired, (he has long been blind of the left eye), and he has 
become deaf in the left ear. The patient also says that he 
has experienced some difficulty in articulating and in swal- 
lowing. He has no aphasia or defects in inteUigence. In 
this condition the patient remained for about thirteen months, 
when one day, without obvious cause, he was suddenly seized 
with giddiness, loss of speech, and paralysis of the right side, 
including the face, without unconsciousness. When seen 
four days afterwards, he was very lame with the right leg, 
the movements of the right arm were extremely feeble, there 
was partial paralysis of the right side of the face, and the 
speech was thick and mumbling, but not aphasic, the move- 
ments of the tongue were very sluggish, and the intelligence 
seemed unaffected. Four months afterwards the hemiplegia 
was in much the same condition. 

Electrical Reactions. — The nerve trunks and muscles of the 
entire right side showed normal reactions to both currents, 
including the face. On the left side of the face, which is 
also paralysed, the reaction of degeneration still remains in 
the muscles, but now the responses to galvanism are much 
diminished in intensity. 

II. Paralysis from Disease of the Spinal Cord. 

In the numerous forms of paralysis, resulting from disease 
of the spinal cord, the electrical reactions vary in the different 
types, and their modifications depend entirely on the extent 
and seat of the central lesion, indeed, it is the result of a 
careful examination of their character and distribution, which 
constitutes so important an aid to diagnosis. It may be laid 
down as a broad general law, that in paralysis from disease 
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of the cord, if the grey matter is not involved, there are no 
nutritive alterations, and the electrical reactions are normaL 
Hence, if the anterior, lateral, or posterior columns only 
are degenerated, even throughout their whole extent, the 
responses of both nerve and muscle to the faradic and 
galvanic currents show no material alterations. 

-There are, however, certain limitations to this rule. K 
there be acute inflammation of the cord or its membranes, 
we find simple quantitative increase of electrical responses • 
This indicates a general nerve excitability without actual 
degeneration, due to the irritative lesion of the centre. The 
same apphes to any disease of the cord, chronic or otherwise, 
which causes hyper- excitability of the nervous system. This 
simple increase may also occur when there is limited and 
complete disease of the cord leaving its lower part healthy* 
Owing to the inhibitory action of the brain being thus cut 
off, the parts supphed from the normal centres below, ex- 
hibit in consequence increased excitabihty. 

Again, in all very chronic cases of paralysis from disease 
of the cord of any kind, there may be simple quantitative 
diminution of electrical response due either to atrophy from 
long continued disuse of the muscles, or to secondary de- 
generation in the motor nerves. 

When the grey matter of the cord is seriously diseased 
there is almost always interference with the nutrition of nerve 
and muscle, and consequently abnormal electrical reactions. 
This is more especially the case when the large multipolar 
cells of the anterior cornua are degenerated. In such in- 
stances there are the typical reactions of degeneration. If 
the whole length and thickness of the cord is diseased, there 
would be atrophy of all the muscles and nerves derived from 
it, and hence there would be universal abnormal electrical 
reactions. In the case when a portion only, say an inch or 
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two, was diseased throughout, having healthy structure ahove 
and helow, there is paralysis of all the parts supplied from and 
below the lesion. In those nerves which originate in that 
segment of the cord actually diseased, there would be degen- 
eration, also in the muscles they supply, and consequently 
abnormal electrical reactions; but the muscles and nerves 
attached to the healthy centre below, would be normal both 
in structure and response to both currents, or possibly aug- 
mented quantitatively. In such a case there would be a 
band of abnormal electrical changes, corresponding with the 
amount of cord disease, with healthy tissues above and below. 
Finally, very limited, but complete transverse disease might 
exist, producing paralysis of the parts below, but the elec- 
trical reactions remaining normal, as the disease, being very 
local, does not seriously involve any of the motor roots. Any 
of the above conditions may exist alone, but in practice they 
are often complicated, one or more being present at the same 
time. The destructive lesion may not be complete, it may 
invade several centres, or parts of centres, it may be asso- 
ciated with irritative disease, in all of which cases the electri- 
cal reactions may be imperfect, or mixed, so much so, that 
in many instances, it may be almost impossible to obtain 
definite or rehable data. This, indeed, constitutes the great 
difficulty in the practice of electro-diagnosis. 

A. Paralysis from Disease of the Spinal Cord, Electrical 

Reactions Normal. 

Locomotor Ataxy. 

In the large majority of cases of locomotor ataxy, the 
electrical reactions are normal. In some, especially in 
their eai?ly stages, these are quantitatively increased, but 
this condition is always shght and temporary. In others 
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of a very chronic nature, there is said to be quantitative 

c^iminution to a limited extent, due probably to simple func- 

i^ional disuse of the muscles. This last I have never seen^ 

cdthough I have had opportunities of observing several cases 

of more than fifteen years standing, and one of thirty years 

duration, in which the reactions were perfectly normal. There 

sire never any quahtative changes. 

Case VI. — Locomotor ataxy of four years duration, Electri- 
4:al reactions normal, W. E., set. 35, male, engineer. The 
3)atient states that he was in good health till about four years 
ago, and that he never acquired syphilis. Without apparent 
cause he was then seized with darting pains all over his body, 
which were very frequent and severe. These continued for 
two years without any other symptoms, after which it was 
noticed that his legs became weak and unsteady, which 
symptoms have gradually increased up to the present time. 

On examination, the patient appears anaemic, but is other- 
wise healthy looking. His walking powers are very uncer- 
tain, and he cannot move about without assistance. He has 
the characteristic ataxic gait, throws his legs about, cannot 
co-ordinate his movements, stamps his feet, has to keep his 
eyes on his legs otherwise he falls down, and in short, he 
suffers from all the usual symptoms of a tolerably advanced 
case of the disease. Although individual movements are ener- 
getic, the patient soon becomes fatigued on exertion. There 
is unsteadiness in the movements of both arms and hands, 
and his writing and other accustomed acts are greatly im- 
paired although the muscular power remains vigorous. The 
patellar tendon reflexes are completely abohshed. There is no 
muscular wasting. The sensibility of the legs is diminished 
to touch and pain, and he does not feel the ground distinctly. 
There is no affection of the bladder, but the patient has slight 
incontinence of urine. He still complains of the lancinating 
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puns in his limbs. The sigiit is sbgiitlT impaired, hot the 
other senses are norm^L Sexnal power abolished. 

Electrical Reacti*j/u, — A carefol examination of all the 
nerres and muscles of the bo<fy with both carrentB, hSed 
to disooTer anything abnormaL 

Cask YIL — Incipient Locvmotor Ataxy of mim^ wumtkt dura- 
lion. EUetrical Eesporuet quandtatirdy incmatd^ S.S., st. 
50, male, soldier. The patient states that he has been a per- 
fectlj heakhv man all his Hfe. He was twenty one years in 
a cavalry regiment, and was ten years in India, bnt dnring 
all that time he lived a steady life and enjoyed good health. 
He never had syphilis. About nine months ago he ex- 
perienced for the first time, shooting pains in his legs, and 
Boon after noticed that these were weak. These symptoms 
have continued since. 

At present the patient has good general health. His 

intellect and special senses are normaL He is perfectly 

healthy in all respects except in his lower e3Ctremities. He 

complains of frequent attacks of lancinating pains in the legs, 

there is slight incontinence of urine and total loss of sexual 

power. He walks fairly well and can accomplish several 

miles a day. The gait is somewhat imsteady, and jerking, 

there is hesitation on turning, and in short it presents all the 

symptoms of a slight form of ataxv. With his feet together he 

oscillates, more especially in the dark or if his eyes are dosed. 

There is no numbness or loss of tactile sensibility but he feels 

as if he were walking on " feathers." The plantar reflexes 

are exaggerated and the patient has frequent involuntary 

jerkings of the limbs. The tendon reflexes are completely 

abolished. 

EUetrical Rsaetions. — ^The same current which produces yeiy 
slight muscular contractions to the ulnar and median nerves 
causes very vigorous ones to the anterior crural and popliteal 
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nerves. The muscles to the faradic current respond more 
freely in the lower than in the upper extremities. No quali- 
tative changes. 

Spastic Paralysis. 

In this disease the electrical reactions in the large majority 
of cases are normal. In the early stages there is generally 
slight increase of the excitability of nerve and muscle, and 
this may continue for a considerable time after the disease 
has developed. In very chronic cases there is sometimes 
quantitative diminution but never to a great extent. There 
are no qualitative changes. 

Case VIII. — Spastic Paralysis of one year's duration. Almost 
complete loss of voluntary motion. Electrical Reactions normal, 
L. W. 8Bt. 38, female, shopkeeper. The patient states that 
she was a perfectly healthy woman till eleven months ago. 
Then her husband died, and she had much trouble with her 
children. About this time she got soaked with rain and 
snow, and on the following day she felt generally unwell. 
About a week afterwards she experienced tingling in the feet, 
and a feeling of a tight cord round her waist, but there were 
no feverish symptoms or pain in the back. Shortly after- 
wards the legs became weak and this increased so that in 
three weeks she could not walk. A month or two afterwards 
contracture began in the muscles, and the legs were drawn 
up, and there were often spasmodic twitchings of the limbs. 

At present the general health is good. The sensibility is 
everywhere normal. There is no pain or tenderness of the spine. 
The upper part of the body is in every way normal. The 
lower limbs are powerfully and permanently contracted so that 
the knees nearly reach the abdomen and the heels the thighs. 
The flexors are hard and tense. The joints cannot be ex- 
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pains in his limbs. The sight is shghtly impaired, but the 
other senses are normal. Sexual power abolished. 

Electrical Reactions, — A careful examination of all the 
nerves and muscles of the body with both currents, failed 
to discover anything abnormal. 

Case VII. — Incipient Locomotor Ataxy of nine months dura- 
tion. Electrical Responses quantitatively increased, S.S., aet. 
50, male, soldier. The patient states that he has been a per- 
fectly healthy man all his life. He was twenty one years in 
a cavalry regiment, and was ten years in India, but during 
all that time he hved a steady life and enjoyed good health. 
He never had syphilis. About nine months ago he ex- 
perienced for the first time, shooting pains in his legs, and 
Boon after noticed that these were weak. These symptoms 
have continued since. 

At present the patient has good general health. His 
intellect and special senses are normal. He is perfectly 
healthy in all respects except in his lower extremities. He 
complains of frequent attacks of lancinating pains in the legs, 
there is slight incontinence of urine and total loss of sexual 
power. He walks fairly well and can accompUsh several 
miles a day. The gait is somewhat unsteady, and jerking, 
there is hesitation on turning, and in short it presents all the 
symptoms of a sUght form of ataxy. With his feet together he 
oscillates, more especially in the dark or if his eyes are closed. 
There is no numbness or loss of tactile sensibility but he feels 
as if he were walking on " feathers." The plantar reflexes 
are exaggerated and the patient has frequent involuntary 
jerkings of the limbs. The tendon reflexes are completely 
aboUshed. 

Electrical Reactions, — The same current which produces very 
slight muscular contractions to the ulnar and median nerves 
causes very vigorous ones to the anterior crural and popliteal 
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nerves. The muscles to the faradic current respond more 
freely m the lower than in the upper extremities. No quali- 
tative changes. 

Spastic Pabaltsis. 

In this disease the electrical reactions in the large majority 
of cases are normal. In the early stages there is generally 
sHght increase of the excitability of nerve and muscle, and 
this may continue for a considerable time after the disease 
has developed. In very chronic cases there is sometimes 
quantitative diminution but never to a great extent. There 
are no qualitative changes. 

Case VIII. — Spastic Paralysis of one year's duration. Almost 
complete loss of voluntary motion. Electrical Reactions normal, 
L. W. aBt. 38, female, shopkeeper. The patient states that 
she was a perfectly healthy woman till eleven months ago. 
Then her husband died, and she had much trouble with her 
children. About this time she got soaked with rain and 
snow, and on the following day she felt generally unwell. 
About a week afterwards she experienced tingling in the feet, 
and a feeling of a tight cord round her waist, but there were 
no feverish symptoms or pain in the back. Shortly after- 
wards the legs became weak and this increased so that in 
three weeks she could not walk. A month or two afterwards 
contracture began in the muscles, and the legs were drawn 
up, and there were often spasmodic twitchings of the limbs. 

At present the general health is good. The sensibihty is 
everywhere normal. There is no pain or tenderness of the spine. 
The upper part of the body is in every way normal. The 
lower limbs are powerfully and permanently contracted so that 
the knees nearly reach the abdomen and the heels the thighs. 
The flexors are hard and tense. The joints cannot be ex- 
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tallied ami die ftttempt to do ao csoaes gresfe pun in tlie mns- 
des ami b«dL Ttuffre is t9J ^igiit movanait of the toes 
smi szLkie jomtB, odnonfise di£ze is compete p«rm]^^sis. 
Tbae m no actual wasfeing' aMioa^ Hui mnades are spare 
and thin. No Ky^iiitfy q^ xeetal troohlesw Thoe are fireqaent 
inTi^ixntarj spasms of the low^r fimhs. Cixtaneoas reflex 
aetiosis atrtRigif marled hot, teziJcaL reflexes conld not be 
aacotamed owing to the etHiiraetnre. 

EUttrkaL Rtat^tymM^ — ^To aH the nore tmnks and mnsdes 
with botih cmreniR the reactions woe nonnaL 

Cask IX. — Spastic Paral^ of ei^kUgm wtontks dmraiiany 
EUctrical reaetiomi quantit(Mtirely meretaeiL F. P., a^i. 28, 
male, soldier. The patient states that he was qoite well tOl 
fiye years ago when he contracted syphilis. From this he 
recoTered and remained healthy tiQ eighteen months ago. 
Then being in India and without apparent canse he expe- 
rienced weakness in his legs. This rapidly increased so that 
in about a weak he was nnable to walk. He had no illness 
or pains of any kind. Daring the sncceeding few months he 
somewhat improved and his condition became mach the same 
as it is at the present time. 

On examination the patient is fonnd a healthy looking 
man, robnst in eTery respect except his lower extremities. 
There is mnch weakness of the legs. The patient walks 
with some difficulty with the aid of two sticks. The gait 
is a characteristic spastic one, stiff, slightly springing, walk- 
ing on the toes which are dragged along the gronnd, etc. 
There is considerable rigidity of all the mnscles which can be 
overcome with passive 'motion. Plantar and other cutaneous 
reflexes much exaggerated. Knee jerk phenomena in great 
excess, and ankle clonus well marked on both sides. There 
are frequent involuntary movements of the limbs, which are 
drawn up in bed. The sensibility is normal. There are no 
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bladder, rectal, trophic, or vaso-motor alterations. The re- 
mainder of the body is normal. 

Electrical Reactions. — A weak Faradic current which pro- 
duced a minimum amount of contraction when applied to the 
nerves and muscles of the head and upper limbs, caused very 
vigorous action to those of the lower extremities. This was 
very distinctly marked. A weak faradic current applied to 
any part of one of the legs induced tetanic spasm more or less 
throughout the whole limb and frequently caused the pheno- 
menon of ankle clonus. To the galvanic current the same 
excitability of reaction was present, but without qualitative 
change. 

Case X. — Spastic Paralysis of twelve years duration. Elec- 
trical reactions quantitatively diminished, A. F., set. 40, male, 
carpenter. The patient states that he was a healthy man till 
twelve years ago. At this time after sleeping in a damp bed 
he noticed that his legs became weak, and stiff, and this in- 
creased so that in three weeks he could not walk. From this, 
in a hospital, he recovered in about a month, and some weeks 
afterwards was able to resume his usual work. He remained 
well for about two years. About this time there very grad- 
ually appeared a weakness and stiffness of the right leg. 
This very slowly increased and he walked lame with that 
extremity. This advanced and affected the other limb so that 
two years afterwards he had to give up his occupation. This 
condition very gradually increased till about three years ago, 
by which time he had completely lost the use of his legs and 
was unable to move them in the slightest degree, and this 
has continued with slight fluctuations ever since. 

At present the general health of the patient is perfectly 
good and he is normal in every respect above the waist. 
There is almost total loss of motion in the lower extremities 
the only movements being very sHght flexion of the knees. 
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There is great stifiness and rigidity of all the mnscles of the 
legs and thighs, and the joints are permanently partially 
flexed, a condition only to be overcome with considerable 
force. , There is slight difficulty in making water and the 
bowels are constipated, otherwise the bladder and rectum are 
healthy. There are marked fibrillary tremors of the muscles 
of the lower limbs. The patellar tendon reflexes are exagge- 
rated and tetanic in character. There is a tendency to ankle 
clonus, but no plantar reflexes can be elicited. The skin of 
the thighs is somewhat cold and sHghtly mottled. There are 
no trophic changes and the limbs are well nourished. Sensi- 
bility is everywhere normal. There are no abnormalities of 
the spinal column. 

Electrical Reactions. — Faradism when applied to the nerve 
trunks and muscles of both lower extremities, show consider- 
able diminution of response, a strong current being re- 
quired to produce contractions. When this is powerful the 
actions are vigorous and otherwise normal. With galvanism 
there is the same condition, and no quaUtative changes. 



Multiple Sclerosis. 

In this disease trophic changes in the large majority of 
cases are absent and consequently the electrical reactions are 
normal. In the early stages there is generally quantitative 
increase of response which may remain for a considerable 
period after the onset of the disease. In very advanced cases 
there is said to be slight quantitative diminution but I have 
not met with an instance. If the grey matter becomes in- 
volved, the nutrition would be modified and the electrical re- 
actions would be changed in proportion. 
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Case XI. — Cerebrospinal multiple Sclerosis of seven years 
duration. Electrical reactions normal, J. S. aet. 46, male, 
eawyer. The patient states that he was in fairly good health 
till seven years ago. About this time without obvious cause 
lis present complaint began. This increased very slowly 
and insidiously. He has suffered much from pain in the 
head, he is very nervous, weak and shaky, and has been 
afflicted with dullness and loss of memory. He has not been 
able to do any work for two years. 

At present the patient is a depressed, pale and delicate 
looking man. He answers questions with fair intelligence 
but is dull and apethetic. He complains of constant giddi- 
ness and severe pain in the head. He talks in a slow and 
deliberate manner. His gait is weak, unsteady and embar- 
rassed, but there is no actual dragging of the feet or ataxy. 
The movements of the arms and hands are slow and feeble. 
The face is drawn slightly to the left side. The sight is weak 
but the other senses are normal. There are no bladder 
or rectal troubles. No atrophy of muscles. There is a con- 
stant tremor of the whole body including the head which is 
increased when attention is directed to it, or attempts made 
at its suppression. All the reflexes are greatly exaggerated 
especially those of the patellar tendons, and there is ankle 
clonus on both sides. Sensibility is slightly blunted especially 
on the left side. 

Electrical Reactions — A careful examination of aU the nerve 
trunks and muscles proved them to be universally normal. 

Case XII. — Multiple Spinal Sclerosis of two months duration, 
Electii^al reactions quantitatively increased, M. C, aet. 48, 
female, housewife. The patient states that she was quite 
weU till two months ago. One morning without apparent 
cause she was seized with shivering, headache, and feverish 
symptoms. Next day these continued, and in addition there 
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was pain in the back and twitchings in the legs. During the 
next few days all these symptoms increased and being nnable 
to walk about from weakness in her limbs, she was compelled 
to go to bed. She remained there for five weeks during 
which time the pain in the back was severe, there was much 
weakness of all her extremities, and a slight feeling of numb- 
ness in the legs with muscular startings. She then entered 
the hospital where she has been for the last fortnight. 

At present the general health of the patient is good. She 
now does not complain of any pain in the back or elsewhere. 
The intelligence, sensibihty, and special senses are normaL 
The spine is in appearance healthy and there is no tender- 
ness ; the arms and hands are weak, but moTcments can be 
performed fairly welL The grasp of the hands is feeble. 
She cannot perform actions so well as formerly, but can sew, 
knit, &c. ; the hand- writing is Teiy shaky and characteristic. 
The legs are very weak, so that the patient walks with great diffi- 
culty ; the gait is feeble, shuffling, and uncertain, but there is 
no ataxy or spasm. There is a Tery distinct tremco' of all the 
extremities most marked in the hands, which is increased on 
emotion or on action, and cannot be controlled for a moment. 
Cutaneous redex movements are increased, and the patellar 
tendon phenomena much e3Laggerated. Xo ankle clonus. 
There is no atrophy or rigidity of muscles. Sensibilitj every- 
where nonaal, 

El^triciil E^<rtSofis, — Both cnrrtnis applied to the nerve 
trunks of the upper extremities pnxiuce vigorous and appar- 
ently healthy contractions, and to the muscles the same but 
not quite so well marked. The same stztength applied to the 
anterior crural, external and internal poplitieal nerves, causes 
much more powerful action. When apf^ed to the muscles 
there are vigorous contzaciioiis, but not so much so as when 
the nerv^ are initated. No qualiiati\« changes;. 
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Paralysis Agitans. 

In this disease, however great the paresis may be, the 
nutrition of the nerves and muscles, and consequently the 
electrical reactions remain normal. 

Case XIII. — Paralysis Agitans of two years standing. Con- 
siderable paresis of left side. Electrical Reactions normal, 
M. H., set. 50, female, housewife. The patient states that 
she has been a nervous delicate person all her life, but never 
suffered from any definite complaint till two years ago ; she 
then was subjected to great anxiety about business affairs, in 
the midst of which began a tremor of her Umbs, which has 
continued to increase till the present time, and this has been 
accompanied, especially on the left side, with weakness. 

At present the patient is a somewhat frail and deh'cate 
looking woman, but her organs are healthy and her general 
health fairly good. There is a tremor all over the body, well 
marked on the left side, comparatively less on the right, and 
very sUght in the head. This movement is much increased by 
emotion, excitement and so on, and is not increased on volun- 
tary motion, on the contrary, to a certain extent, it can be 
controlled by the will for a few moments but not entirely. 
During sleep there is no tremor. SensibiHty normal. The 
patient generally is weak and feeble, but on the left side this 
is much more marked than on the right. The patient never 
had attacks of any kind and her intellectual faculties and 
special senses are intact. 

Electrical Eeactions. These are normal and equal on both 
aides to nerve and muscle with both currents. 



94 ELECTRO-DIAGNOSIS. 

was pain in the back and twitchings in the legs. During the 
next few days all these symptoms increased and being unable 
to walk about from weakness in her limbs, she was compelled 
to go to bed. She remained there for five weeks during 
which time the pain in the back was severe, there was much 
weakness of all her extremities, and a slight feeling of numb- 
ness in the legs with muscular startings. She then entered 
the hospital where she has been for the last fortnight. 

At present the general health of the patient is good. She 
now does not complain of any pain in the back or elsewhere. 
The intelligence, sensibility, and special senses are normal. 
The spine is in appearance healthy and there is no tender- 
ness ; the arms and hands are weak, but movements can be 
performed fairly well. The grasp of the hands is feeble. 
She cannot perform actions so well as formerly, but can sew, 
knit, &c. ; the hand-writing is very shaky and characteristic. 
The legs are very weak, so that the patient walks with great diffi- 
culty ; the gait is feeble, shuffling, and uncertain, but there is 
no ataxy or spasm. There is a very distinct tremor of all the 
extremities most marked in the hands, which is increased on 
emotion or on action, and cannot be controlled for a moment. 
Cutaneous reflex movements are increased, and the patellar 
tendon phenomena much exaggerated. No ankle clonus. 
There is no atrophy or rigidity of muscles. Sensibility every- 
where normal. 

Electrical Reactions, — Both currents applied to the nerve 
trunks of the upper extremities produce vigorous and appar- 
ently healthy contractions, and to the muscles the same but 
not quite so well marked. The same strength applied to the 
anterior crural, external and internal popliteal nerves, causes 
much more powerful action. When applied to the muscles 
there are vigorous contractions, but not so much so as when 
the nerves are irritated. No qualitative changes. 
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Paralysis Agitans. 

In this disease, however great the paresis may be, the 
nutrition of the nerves and muscles, and consequently the 
electrical reactions remain normal. 

Case XIII. — Paralysis Agitans of two years standing. Con- 
siderable paresis of left side. Electrical Reactions normal, 
M. H., set. 50, female, housewife. The patient states that 
she has been a nervous deUcate person all her life, but never 
suffered from any definite complaint till two years ago ; she 
then was subjected to great anxiety about business affairs, in 
the midst of which began a tremor of her Umbs, which has 
continued to increase till the present time, and this has been 
accompanied, especially on the left side, with weakness. 

At present the patient is a somewhat frail and dehcate 
looking woman, but her organs are healthy and her general 
health fairly good. There is a tremor aU over the body, weU 
marked on the left side, comparatively less on the right, and 
very slight in the head. This movement is much increased by 
emotion, excitement and so on, and is not increased on volun- 
tary motion, on the contrary, to a certain extent, it can be 
controlled by the will for a few moments but not entirely. 
During sleep there is no tremor. SensibiHty normal. The 
patient generally is weak and feeble, but on the left side this 
is much more marked than on the right. The patient never 
had attacks of any kind and her intellectual faculties and 
special senses are intact. 

Electrical Reactions, These are normal and equal on both 
sides to nerve and muscle with both currents. 
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was pain in the back and twitcliings in the legs. During the 
next few days all these symptoms increased and being unable 
to walk about from weakness in her limbs, she was compelled 
to go to bed. She remained there for five weeks during 
which time the pain in the back was severe, there was much 
weakness of all her extremities, and a slight feeling of numb- 
ness in the legs with muscular startings. She then entered 
the hospital where she has been for the last fortnight. 

At present the general health of the patient is good. She 
now does not complain of any pain in the back or elsewhere. 
The intelligence, sensibihty, and special senses are normal. 
The spine is in appearance healthy and there is no tender- 
ness ; the arms and hands are weak, but movements can be 
performed fairly well. The grasp of the hands is feeble. 
She cannot perform actions so well as formerly, but can sew, 
knit, &c. ; the hand-writing is very shaky and characteristic. 
The legs are very weak, so that the patient walks with great diffi- 
culty ; the gait is feeble, shuffling, and uncertain, but there is 
no ataxy or spasm. There is a very distinct tremor of all the 
extremities most marked in the hands, which is increased on 
emotion or on action, and cannot be controlled for a moment. 
Cutaneous reflex movements are increased, and the patellar 
tendon phenomena much exaggerated. No ankle clonus. 
There is no atrophy or rigidity of muscles. Sensibility every- 
where normal. 

Electrical Reactions, — Both currents appHed to the nerve 
trunks of the upper extremities produce vigorous and appar- 
ently healthy contractions, and to the muscles the same but 
not quite so well marked. The same strength applied to the 
anterior crural, external and internal popliteal nerves, causes 
much more powerful action. When applied to the muscles 
there are vigorous contractions, but not so much so as when 
the nerves are irritated. No qualitative changes. 
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Paralysis Agitans. 

In this disease, however great the paresis may be, the 
xiatritiou of the nerves and muscles, and consequently the 
electrical reactions remain normal. 

Case XIII. — Faralym Agitans of two years standing. Con- 
siderahle paresis of left side. Electrical Reactions normal, 
M. H., 8Bt. 50, female, housewife. The patient states that 
she has been a nervous delicate person all her life, but never 
suffered from any definite complaiut till two years ago ; she 
then was subjected to great anxiety about business affairs, in 
the midst of which began a tremor of her limbs, which has 
continued to increase tUl the present time, and this has been 
accompanied, especially on the left side, with weakness. 

At present the patient is a somewhat frail and dehcate 
looking woman, but her organs are healthy and her general 
health fairly good. There is a tremor all over the body, well 
marked on the left side, comparatively less on the right, and 
very slight in the head. This movement is much increased by 
emotion, excitement and so on, and is not increased on volun- 
tary motion, on the contrary, to a certain extent, it can be 
controlled by the will for a few moments but not entirely. 
During sleep there is no tremor. Sensibihty normal. The 
patient generally is weak and feeble, but on the leffc side this 
is much more marked than on the right. The patient never 
had attacks of any kind and her intellectual faculties and 
special senses are intact. 

Electrical Beactions, These are normal and equal on both 
aides to nerve and muscle with both currents. 
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was pain in the back and twitchings in the legs. During the 
next few days all these symptoms increased and being unable 
to walk about from weakness in her limbs, she was compelled 
to go to bed. She remained there for five weeks during 
which time the pain in the back was severe, there was much 
weakness of aU her extremities, and a slight feeling of numb- 
ness in the legs with muscular startings. She then entered 
the hospital where she has been for the last fortnight. 

At present the general health of the patient is good. She 
now does not complain of any pain in the back or elsewhere. 
The intelligence, sensibility, and special senses are normal. 
The spine is in appearance healthy and there is no tender- 
ness ; the arms and hands are weak, but movements can be 
performed fairly well. The grasp of the hands is feeble. 
She cannot perform actions so well as formerly, but can sew, 
knit, &c. ; the hand-writing is very shaky and characteristic. 
The legs are very weak, so that the patient walks with great diffi- 
culty ; the gait is feeble, shuffling, and uncertain, but there is 
no ataxy or spasm. There is a very distinct tremor of all the 
extremities most marked in the hands, which is increased on 
emotion or on action, and cannot be controlled for a moment. 
Cutaneous reflex movements are increased, and the patellar 
tendon phenomena much exaggerated. No ankle clonus. 
There is no atrophy or rigidity of muscles. SensibiHty every- 
where normal. 

Electrical Reactions. — Both currents appHed to the nerve 
trunks of the upper extremities produce vigorous and appar- 
ently healthy contractions, and to the muscles the same but 
not quite so well marked. The same strength applied to the 
anterior crural, external and internal popliteal nerves, causes 
much more powerful action. When applied to the muscles 
there are vigorous contractions, but not so much so as when 
the nerves are irritated. No qualitative changes. 
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Paralysis Agitans. 

In this disease, however great the paresis may be, the 
nutrition of the nerves and muscles, and consequently the 
electrical reactions remain normal. 

Case XIII. — Paralysis Agitans of two years standing, CoU' 
siderdble paresis of left side. Electrical Reactions normal, 
M. H., 8Bt. 60, female, housewife. The patient states that 
she has been a nervous delicate person all her life, but never 
suffered from any definite complaiut till two years ago ; she 
then was subjected to great anxiety about business affairs, in 
the midst of which began a tremor of her limbs, which has 
continued to increase tiU the present time, and this has been 
accompanied, especially on the left side, with weakness. 

At present the patient is a somewhat frail and deh'cate 
looking woman, but her organs are healthy and her general 
health fairly good. There is a tremor all over the body, well 
marked on the left side, comparatively less on the right, and 
very slight in the head. This movement is much increased by 
emotion, excitement and so on, and is not increased on volun- 
tary motion, on the contrary, to a certain extent, it can be 
controlled by the will for a few moments but not entirely. 
During sleep there is no tremor. Sensibihty normal. The 
patient generally is weak and feeble, but on the left side this 
is much more marked than on the right. The patient never 
had attacks of any kind and her intellectual faculties and 
special senses are intact. 

Electrical Reactions, These are normal and equal on both 
sides to nerve and muscle with both currents. 
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two, was diseased throughout, having healthy structure above 
and below, there is paralysis of all the parts supplied from and 
below the lesion. In those nerves which originate in that 
segment of the cord actually diseased, there would be degen- 
eration, also in the muscles they supply, and consequently 
abnormal electrical reactions; but the muscles and nerves 
attached to the healthy centre below, would be normal both 
in structure and response to both currents, or possibly aug- 
mented quantitatively. In such a case there would be a 
band of abnormal electrical changes, corresponding with the 
amount of cord disease, with healthy tissues above and below. 
Finally, very limited, but complete transverse disease might 
exist, producing paralysis of the parts below, but the elec- 
trical reactions remaining normal, as the disease, being very 
local, does not seriously involve any of the motor roots. Any 
of the above conditions may exist alone, but in practice they 
are often complicated, one or more being present at the same 
time. The destructive lesion may not be complete, it may 
invade several centres, or parts of centres, it may be asso- 
ciated with irritative disease, in aU of which cases the electri- 
cal reactions may be imperfect, or mixed, so much so, that 
in many instances, it may be almost impossible to obtain 
definite or reliable data. This, indeed, constitutes the great 
difficulty in the practice of electro-diagnosis. 

A. Paralysis from Disease of the Spinal Cord, Electrical 

Keactions Normal. 

Locomotor Ataxy. 

In the large majority of cases of locomotor ataxy, the 
electrical reactions are normal. In some, especially in 
their eai^ly stages, these are quantitatively increased, but 
this condition is always slight and temporary. In others 
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of a very chronic nature, there is said to be quantitative 
diminution to a limited extent, due probably to simple func- 
tional disuse of the muscles. This last I have never seeur 
although I have had opportunities of observing several cases 
of more than fifteen years standing, and one of thirty years 
duration, in which the reactions were perfectly normal. There 
are never any quahtative changes. 

Case VI. — Locomotor ataooy of four years duration. Electri- 
cal rea^^tions normal, W. E., 8Bt. 35, male, engineer. The 
patient states that he was in good health till about four years 
ago, and that he never acquired syphilis. "Without apparent 
cause he was then seized with darting pains all over his body, 
which were very frequent and severe. These continued for 
two years without any other symptoms, after which it was 
noticed that his legs became weak and unsteady, which 
symptoms have gradually increased up to the present time. 

On examination, the patient appears anaemic, but is other- 
wise healthy looking. His walking powers are very uncer- 
tain, and he cannot move about without assistance. He has 
the characteristic ataxic gait, throws his legs about, cannot 
co-ordinate his movements, stamps his feet, has to keep his 
eyes on his legs otherwise he falls down, and in short, he 
suffers from all the usual symptoms of a tolerably advanced 
case of the disease. Although individual movements are ener- 
getic, the patient soon becomes fatigued on exertion. There 
is unsteadiness in the movements of both arms and hands, 
and his writing and other accustomed acts are greatly im- 
paired although the muscular power remains vigorous. The 
patellar tendon reflexes are completely aboHshed. There is no 
muscular wasting. The sensibihty of the legs is diminished 
to touch and pain, and he does not feel the ground distinctly. 
There is no affection of the bladder, but the patient has slight 
incontinence of urine. He still complains of the lancinating 
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pains in his limbs. The sight is slightly impaired, but the 
other senses are normal. Sexual power abolished. 

Electrical Reactions, — A careful examination of all the 
nerves and muscles of the body with both currents, failed 
to discover anything abnormal. 

Case VII. — Incipient Locomotor Ataxy of nine months dura- 
tion. Electrical Resfonses quantitatively increased, S.S., 8Bt. 
50, male, soldier. The patient states that he has been a per- 
fectly healthy man all his life. He was twenty one years in 
a cavalry regiment, and was ten years in India, but during 
all that time he lived a steady life and enjoyed good health. 
He never had syphilis. About nine months ago he ex- 
perienced for the first time, shooting pains in his legs, and 
soon after noticed that these were weak. These symptoms 
have continued since. 

At present the patient has good general health. His 
intellect and special senses are normal. He is perfectly 
healthy in all respects except in his lower extremities. He 
complains of frequent attacks of lancinating pains in the legs, 
there is slight incontinence of urine and total loss of sexual 
power. He walks fairly well and can accompHsh several 
miles a day. The gait is somewhat unsteady, and jerking, 
there is hesitation on turning, and in short it presents all the 
symptoms of a slight form of ataxy. With his feet together he 
oscillates, more especially in the dark or if his eyes are closed. 
There is no numbness or loss of tactile sensibility but he feels 
as if he were walking on ** feathers." The plantar reflexes 
are exaggerated and the patient has frequent involuntary 
jerkings of the limbs. The tendon reflexes are completely 
aboHshed. 

Electrical Reactions, — The same current which produces very 
slight muscular contractions to the ulnar and median nerves 
causes very vigorous ones to the anterior crural and popliteal 
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nerves. The muscles to the faradic current respond more 
freely in the lower than in the upper extremities. No quali- 
tative changes. 

Spastic Paralysis. 

In this disease the electrical reactions in the large majority 
of cases are normal. In the early stages there is generally 
slight increase of the excitability of nerve and muscle, and 
this may continue for a considerable time after the disease 
has developed. In very chronic cases there is sometimes 
quantitative diminution but never to a great extent. There 
are no qualitative changes. 

Case VIII. — Spastic Paralysis of one year's duration. Almost 
complete loss of voluntary motion. Electrical Reactions normal. 
L. W. 8Bt. 88, female, shopkeeper. The patient states that 
she was a perfectly healthy woman till eleven months ago. 
Then her husband died, and she had much trouble with her 
children. About this time she got soaked with rain and 
snow, and on the following day she felt generally unwell. 
About a week afterwards she experienced tingling in the feet, 
and a feeling of a tight cord round her waist, but there were 
no feverish symptoms or pain in the back. Shortly after- 
wards the legs became weak and this increased so that in 
three weeks she could not walk. A month or two afterwards 
contracture began in the muscles, and the legs were drawn 
up, and there were often spasmodic twitchings of the limbs. 

At present the general health is good. The sensibility is 
everywhere normal. There is no pain or tenderness of the spine. 
The upper part of the body is in every way normal. The 
lower limbs are powerfully and permanently contracted so that 
the knees nearly reach the abdomen and the heels the thighs. 
The flexors are hard and tense. The joints cannot be ex- 
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normal. The cutaneous and tendon reflexes are everywhere 
much exaggerated. The patient complains of no pain or un-. 
easiness and with the exception of the remarkable loss of 
motihty, is in good general health. 

Electrical Reactions, — These, in character, are the same in 
all the affected muscles of the body, only differing in degree 
according to the amount of atrophy. As this is most marked 
in the upper extremities, these are taken as an example. 
Both are in the same condition. Faradism appHed to the 
median and ulnar nerves produces fairly vigorous contractions 
with a strong current, but evidently diminished as compared 
to normal. The musculo- spiral, when irritated, causes vigor- 
ous extension of the little flnger and no other action on the 
other extensors. Powerful currents to the deltoid, triceps, 
biceps, and all the extensors of the forearm, except that of 
the little finger on the right, side, fail to induce any contrac- 
tion whatever. Strong currents to the flexors of the hand 
and fingers cause moderate reactions. Galvanism applied to 
the nerve trunks produce the same effects as faradism. To 
the extensors of the left hand and fingers, there are abso- 
lutely no contractions whatever to the strongest current, and 
on the right side only the faintest trace with A.C.C. To the 
flexors of both forearms, there are moderate contractions 
with a strong current, C.C.C. > A.C.C, but the latter in 
creased. The same to the supinators. To the right biceps 
and triceps moderate contractions with a strong current, 
A.C.C. > C.C.C. To the same on the other side, a very 
powerful current causes a very slight action, and only with 
the A.C.C. In the lower limbs and trunk the reactions 
are the same in kind but' not so marked in degree. 
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PsEUDo- Hypertrophic Spinal Paralysis. 

In this disease, faradism, when applied to the nerve trunks, 
causes normal contractions till a late stage in the affection. 
In very chronic conditions there is diminished excitability 
owing to secondary degeneration of the peripheral nerves, but 
even then a strong current will always cause contractions 
while there is any muscular substance left to react. In any 
case, the results by indirect stimulation are always much more 
vigorous than by direct, owing to the resistance of the non- 
conducting matter which has accumulated in the muscle. 
Faradism applied to mmcle always exhibits diminution of re- 
sponse, and more than would be accounted for by the actual 
loss of tissue. This is explained by the presence of a large 
amount of non-contractile and badly conducting matter, in 
the shape of fat and connective tissue, causing resistance to 
the passage of the current. This diminution exists in every 
degree according to the anatomical condition, and may end 
in total abolition, indicating entire destruction of muscle. 

When galvanism is applied to the nerve trunks it produces 
normal contractions till an advanced period of the disease, 
after which there may be slight quantitative diminution of 
response, owing to the causes explained above, but it is rarely 
to the same extent as occurs with the induced current. Ac- 
cording to Erb, there is what is called the " Break reaction." 
This consists of weakening of the anodal opening contraction 
although the current is increased to a considerable extent, 
but as its strength is further augmented, at a certain point 
the A.O.C. appears. This is said to show that the conduc- 
tivity of the nerve is diminished, and its excitabiHty increased, 
thus causing a break in the series of reactions at the point 
when the increased efforts of the current are neutralized by 
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the increased resistance. I myself have never seen this 
phenomenon exactly as here described. Galvanism directly 
to muscle shows diminntion of contractile power, in propor- 
tion to the amount of the degeneration of tissue. The 
A.C.C. is increased and may equal the C.C.C. I have never 
seen the former exceed the latter. The slow, tonic con- 
traction, is only present in the very late stages when the 
peripheral nerves are implicated by secondary degeneration. 

Case XX. — Pseudo-hypertrophic paralysis, of seven months 
duration. Electrical reactions indicating healthy nerve and par- 
tially diseased muscle. E. A., aet. 7, male. The patient, for 
whose case I am indebted to my colleague Dr. Don Inn, was 
stated to have been well till seven months ago. His mother 
then noticed for the first time that he dragged his left leg. 
He became very liable to fall down when walking or running. 
Five months ago slight flexion of the knees was noticed. 
Family history healthy. 

At present the patient is healthy looking. AU the muscles 
of the body except those of the legs and nates are spare, but 
otherwise not remarkable. The gluteal regions are distinctiy 
enlarged and the calves of the legs very markedly so, each 
measuring nine inches in circumference at their widest part, 
while the thighs at the thickest portion are only nine and 
a quarter inches. They bulge outwards, are firm and hard, 
and the skin covering the muscles is tense and shining. In 
both feet there is marked talipes equinus, with a slight ten- 
dency inwards. The motions of the upper extremities are 
normal. Those of the trunk are evidently weak, as the 
patient has difficulty in sitting up any length of time, and 
in moving readily about, which he does imperfectiy with the 
assistance of his hands. When sitting up he supports his 
body by using both arms as crutches. "When lying on his 
back he moves the limbs fairly well, but sluggishly, and the 
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actions of the feet, and especially its flexors, are very feeble. 
He walks with a feeble, unsteady, waddling gait, the legs 
widely apart, swaying the body from side to side, and bring- 
ing the feet down with a stamp. "When lying on the floor 
and told to get up, he does so in a characteristic manner, by 
turning on his face, getting on his hands and knees, then on 
all fours, then drawing the feet to the hands, and finally 
climbing up his legs till he reaches the erect position with 
a sudden jerk at the end. 

Electrical Reactions, — The nerve trunks throughout the 
body are followed by normal responses to both currents, 
with very slight comparative diminution in those of the legs. 
Electricity applied directly to the muscles, shows that all those 
but the enlarged ones are normal. These latter present the 
following peculiarities: — With faradism the reactions are 
markedly diminished, and with galvanism the contractions 
are vigorous, the A.C.C. = C.C.C. 

Case XXI. — Pseudo- Hypertrophic Paralysis of seven years 
duration^ nerves healthy^ complete destruction of muscle, W. H., 
8Bt. 9, male. The patient is said to have been healthy till two 
years of age, at which time he had a "fit." From this he re- 
covered, but some weeks afterwards it was noticed that he 
walked lame with the right leg. This continued, and two 
years subsequently both legs appeared to be weak. This has 
gradually increased since ; so that during the last year or so 
he has been unable to walk, or even stand. 

At present the boy is in good general health. He cannot 
sit up in bed, and when made to do so falls back on the 
pillow, being unable to support himself. "When lying on his 
back the movements of the head and neck appear normal. 
The arms and hands are very weak. There are no move- 
ments whatever of the shoulder-joints, the flexion of the arm, 
hand, and fingers, is very feeble, and the extension of the 
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hands and fingers almost nil. The movements of the legs 
are very weak. He can draw them up in bed but very feebly, 
and only with irregular jerks. There are no movements of 
the feet or toes. Both sides of the body are nearly equal. 
The special senses, and general sensibiHty are normal. The 
skin has a mottled appearance and is cold and flabby. The 
muscles of the head and neck appear normal. The deltoids 
are much enlarged, and hard and brawny to the feel. The 
triceps are also much hypertrophied. The biceps are small, 
but are much indurated. The extensors of the forearm are 
not enlarged, but they feel dense and abnormally firm ; the 
flexors appear normal. The muscles of the trunk are very 
thin but otherwise seem healthy. Those of the thighs are 
small but very hard. The* calves of the legs are greatly en- 
larged, so as to be about double their normal circumference. 
The muscles of the extensors of the foot appear smaller than 
usual. Both sides are about equal. Tickling the soles of 
the feet produce no movements, and the patellar tendon re- 
flexes are absent. 

Electrical Reactions. — Faradism to the median and ulnar 
nerves causes normal contractions. To the musculo- spiral 
there is extension only of the fingers and thumb, and this is 
somewhat limited. To the flexors in front of the forearm 
normal contractions ; to the extensors with the strongest 
current only very faint responses; much diminished reac- 
tion to both biceps and triceps, and none whatever to the del- 
toids, with the strongest currents. In the leg all the nerve 
trunks are normal. To all the affected muscles great dimi- 
nution of response, especially in those of the thigh, and in the 
extensors of the foot and toes. Galvanism, To the nerve 
trunks throughout, normal. To the deltoids with the strongest 
currents, no response. To the triceps and the biceps, the action 
is much diminished, A.C.C. = C.C.C. Contractions rapid. 
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The same to the extensors of the hand and fingers. Here 
also it is noticed that when a strong current was used, the 
A.O.C. = A.C.C. The application to the flexors of the hand 
and fingers caused normal responses. To all the affected 
muscles of the lower extremities, the reactions are the same 
as those mentioned above, namely, quantitative diminution, 
A.C.C. = C.C.C, and with strong current, A.O.C. = A.C.C. 
Contractions rapid. 

• 

Amtotbophic Lateral Sclerosis. 

The electrical reactions in this disease are the same as in 
Progressive Muscular Atrophy, and a study of the responses 
of this is equally applicable to Amyotrophic Lateral Sclerosis. 
It is scarcely necessary to say that the symptoms are very 
different, and upon them must depend the distinction between 
the two affections. 

Case XXII. — Amyotrophic Lateral Sclerosis of three years 
duration. Electrical reactions indicating healthy nerves, and 
incipient disease of muscles, C. 0., 8Bt. 80, male, shopkeeper, 
under the care of Dr. Buzzard, to whom I am indebted for 
an opportunity of observing the case. The patient states 
that he was quite well till three years ago, about which 
time, without obvious cause, he experienced weakness in the 
left leg, and a tendency to drag the toes along the ground. 
This began very insidiously, and increased very gradually, 
and was from the first accompanied with stiffness of the 
muscles. Some months afterwards, weakness of the left 
arm and hand was noticed. This also progressed very slowly 
during the next eighteen months, after which, the right leg 
gradually became affected in a similar manner, and this subse- 
quently extended to the arm on the same side. The whole 
course of the affection has been very slow and gradual, there 
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have been no pains, no bladder or rectal disturbances, and no 
alterations of sensibility. There have been occasional invol- 
untary twitchings of the limbs, and recently they have been 
especially rigid. The general health throughout has been 
good. 

The patient is a stout, robust looking man. All the func- 
tions and special senses are healthy. The face •is normal. 
The muscles of the neck are slightly stiff and weak. The 
arms and hands of both sides are very feeble, especially the 
left. All the movements on the right side are performed natur- 
ally, but are slow and weak. The fifth finger cannot be 
adducted, but lies in a state of abduction. On the left side 
the patient cannot raise his arm above the head, he cannot 
fully extend the hand beyond on a level with the arm, the 
wrists have a tendency to drop, he cannot extend the fingers, 
and the grasp of the right hand is 60 lbs., the left 25 lbs. 
He cannot supinate the left forearm although he can pronate it. 
On the right side there is shght rigidity of all the muscles, 
but on the left this is well marked and requires considerable 
force to overcome their contraction. There is no apparent 
wasting of the arms. The legs are very weak. When in 
bed the patient can move the right one fairly well, but the 
left is almost immovable and can only be raised from the bed 
an inch. None of the joints on the left side can be moved at 
all. The movements of even the right foot and toes are very 
limited. The patient can stand and even shuffle along with 
assistance, the gait is stiff, and the feet are dragged along 
the ground. The left limb is so stiff and rigid that no ordin- 
ary force can bend any of the joints, and the limb Hes 
extended in a straight line like a rigid rod. The right is 
stiff but not nearly to the same extent. All the reflexes are 
much exaggerated, and the knee jerk and ankle clonus are 
well marked in both legs. Sensibihty is everywhere nor- 



BULBAR PARALYSIS. 118 

mal. The left lower extremity is markedly smaller than 
the right, the thigh measuring an inoh less in circumference 
than the other, and the calf of the leg three quarters of an 
inch. There is no apparent atrophy of special muscles hut 
the extensors of the foot and toes look unusually small. The 
patient complains of no pain anywhere either in the back or 
limbs, and his general health is good. 

Electrical Reactions, — FaradUm to the nerve trunks through- 
out the body cause normal reactions except slight diminution 
of the right median and shght comparative increase of the 
left popliteal. The muscles all contract normally except 
tiie triceps, and the extensors of the foot and toes, in which 
tliere is distinct diminution of response. This is most 
xnarked on the left side. Galvanism to all the nerve-trunks 
ci.ppears to be followed by normal reactions. To the biceps 
znuscles normal. To the triceps shghtly diminished response, 
^with A.C.O. increased, but not equalling C.C.C. All the mus- 
eles of the forearms especially the extensors contract vigorously 
\x> a moderate current, on the right side A.C.C. = C.C.O., 
and on left A.C.C. >* C.0.0. In the muscles of the legs and 
especially the extensors of the foot and toes the response to 
Galvanism seems diminished, the C.C.C. > A.C.C, but the 
latter is increased. The electrical abnormahties are uniform- 
ally most marked on the left side. 



Bulbar Paralysis. 

The Electrical Eeactions in this disease are the same as in 
progressive muscular atrophy. The nerves are universally 
normal, and the muscles of the chin, hps, and tongue, show 
all the usual signs of degeneration in proportion to the stage 
of the disease. I have not had recently under observation a 
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sufficient number of cases of this disease to be able to give a 
typical example of the different forms. 

Case XXIII. — Glosso-Labio-Pharangeal paralysis supposed to 
be of three years duration, Elecrical Reactions indicating healthy 
nerve and degenerated muscle, A. E. SBt. 66, male, piano-forte 
maker, under the care of Dr. Garman of the Highgate In- 
firmary, to whom I am endebted for permission to make 
observations on the case. Owing to the speech being almost 
unintelHgible, and to his having no friends it was impossible 
to obtain anything like a connected history. As far as could be 
made out his chief ailments began about three years ago, with 
difficulty of speech, paralysis of the face and slowness of 
swaUowing, which symptoms have increased to the present 
time. 

On examination the patient presents all the usual and 
characteristic appearances and symptoms of Progressive 
glosso-labio-pharyngeal paralysis. He appears fairly intelli- 
gent, but whether or not his mind is sound is doubtful. The 
sight and special senses are normal. Sensibility everywhere 
healthy. The movements of the entire face are impaired, 
especially the lower part. The mouth is closed very slowly 
and imperfectly, and the lower lip hangs permanently open. 
All the other voluntary actions of the face are very deficient 
and sluggish. He cannot protrude the tongue beyond the 
teeth, nor can he move that organ to any extent within 
the mouth. The saliva constantly dribbles out of the cor- 
ners of the mouth. There is no apparent atrophy of the 
muscles of the face, although the lips and its lower parts are 
very thin. The tongue is distinctly smaller than normal and 
is deeply furrowed with sulci and ridges. The speech is 
almost uninteUigible, on account of its mumbling and indis- 
tinct character. There is no true aphasia. The patient 
swallows with considerable difficulty, and has to take great 
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care, especially with liquids. He cannot masticate solid food, 
which has to be broken down for him. In other respects the 
general health of the patient seems fairly good but his limbs 
and body generally are weak, and accompanied with a slight 
tremor. 

Electrical BeacUom. — With faradism, the nerve trunks and 
muscles, react normally, there being only slight comparative 
diminution of response on the left side. With galvanism, 
the nerve trunks are healthy. Direct to the muscles, those of 
the upper part of the face are normal. ' Those about the Ups, 
cheeks, and chin also react vigorously, but with slight compar- 
ative diminution. Here also the A.C.O. is increased, as 
compared with the frontal and other superior muscles, but 
the C.C.C. > A.C.O. The tongue could not be reached in 
order to be tested. 



E. Paralysis from Disease of the Spinal Cord. Elec- 
trical EeACTIONS DEMONSTRATINa DEGENERATION OF BOTH 

Nerve and Muscle. 

Poliomyelitis Anterior. 

This disease is most common in children, hence called 
Infantile Paralysis, but it is by no means rare in adults. 
It may be acute or chronic. Faradism, In an acute case 
the excitability of the nerve begins to diminish, to the in- 
duced stimulus, about the third day. This may sometimes 
be preceded by slight and temporary increase of action. 
The impaired response rapidly increases, so that in seven 
or eight days it may be completely abolished. This re- 
mains absent unless recovery takes place, in which case the 
irritability of the nerve to faradism slowly returns, and this 
only occurs after voluntary motion is restored, and it remains 

i2 
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imperfect for a long time after fanctioii is apparently normal. 
The action of the induced current applied directly to the 
muscle is precisely the same as that to nerve, but somewhat 
later in appearing, and is owing to the implication of the 
intra-muscular branches of the nerves. If there is any con- 
tractOity of muscle after the second week, the prognosis is 
favourable and indicates that the nervous fibres are not com- 
pletely degenerated, and are capable of restoration. Galvan- 
ism. This applied to nerve is followed by the same reactions 
as faradism, namely rapid loss of response. To muscle direct 
the conditions are different. From the first few weeks to 
several months, there is increased irritability of muscle, 
so that a feebler current is necessary to cause muscular 
contractions than in health. These are slow, tonic, and 
prolonged, and are accompanied with qualitative changes, 
the A.C.C. = C.C.C. or A.C.C. > C.C.C. in short there is 
the typical "Eeaction of Degeneration.** In about three 
months, more or less, this excess of galvano-muscular 
contractility diminishes, and subsequently sinks below the 
normal standard, still retaining the qualitative alterations. 
The exaltation of reaction indicates disease of nerve, and 
commencing alteration in muscle, without actual degeneration 
in the latter. The succeeding decrease of response points 
to atrophy and destruction of fibre. If recovery take place 
the electrical reactions gradually resume their normal con- 
ditions, but for long remain quantitatively diminished, owing 
to the chronic cirrhosed state of the nerve and muscle. If re- 
generation is absent, the diminution may advance to complete 
abolition, in which case we infer total destruction of muscle. 

In chronic poliomyelitis the reactions are similar, but 
slower in development, and the increase of galvano-muscular 
excitability is not so well marked. The reactions may be 
incomplete, in which case from their amount, we may judge 
the extent of the disease in the nerve and muscle. 
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Case XXIV. — Poliomyelitis Anterior Acuta of seventeen days 
duration. Nerves completely degenerated. Commencing alteration 
in muscles. W. H., aet. two, male. The patient is stated to 
have been perfectly well seventeen days ago. He went to 
bed one night in his usual health and next morning he was 
found in his present condition. He had no fever, or pain in 
the back, but for some time past had been irritable and 
slightly indisposed. 

At present the patient is a perfectly healthy looking child, 
and all his organs and limbs are normal except the right leg. 
This is completely immovable, and hangs limp and useless 
The muscles are soft; and flabby but there is no marked 
atrophy, and the skin is cold, mottled, and purple. The 
tendon patellar and other reflexes, which are normal in the 
other limb, are completely abolished in the right. Sensibility 
normal. 

Electrical Reactions, — Strong currents from both batteries 
applied to the nerve trunks of the right leg, fail to produce 
any contractions, Faradism directly to the muscles is also 
followed by negative results. Galvanism applied to all the 
muscles of the affected lower extremity, is followed by good 
contractions to slow interruptions, and these are sluggish, 
prohmged, and tonic in character. The A.C.C. most dis- 
tinctly causes more vigorous contractions than the C.C.C. 

Case XXV. — Poliomyelitis Anterior Acuta of eighteen days 
duration occuring in an adult. Complete degeneration of nerve. 
Commencing alteration in muscle. M. A., SBt. 81, female, artist. 
Eighteen days ago the patient was in the most robust health 
never having had a day's illness in her life. She is a lady of 
unusual accomplishments and superior mental attainments 
and never suffered from any nervous symptoms. She went 
to bed one night in her usual health, and awoke next morn- 
ing feeling feverish and generally unwell, which sensations 
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conidnaed all day. During the ensuing night she was rest- 
less and feverish, and next morning had a severe pain in her 
back, and weakness of her legs. This continued, and on the 
following day she could not stand, and could hardly move 
her legs in bed. This paralysis has continued ever since. 
In a few days the constitutional symytoms passed away, 
and she has since regained her good general health. She 
can assign no cause whatever for her illness. 

At present the patient is in perfect general health, and all 
her organs and functions are healthy. She has no appearance 
of being of an emotional or nervous temperament. The right 
leg is almost completely paralysed, its only voluntary move- 
ment being an almost imperceptable flexion of the toes, the 
muscles are soft and flabby but there is no appearance of 
definite wasting. The left leg is not quite so absolutely use- 
less, as there are very slight movements in the ankle and knee 
joints, but of a very limited character. In the right lower 
extremity there are no traces of cutaneous reflex action, and 
on the left this is almost, but not completely abolished. There 
is no trace of tendon reflex on either side, and no marked 
vaso-motor changes except that the feet are very cold. Sen- 
sibility is everywhere normal. The upper part of the body 
is healthy. 

Electrical Reactions. — Both currents, applied to the nerve 
trunks of the right lower extremity produce no response 
whatever, even those so powerful as can scarcely be tolerated. 
The same to the external popliteal, causes very faint extension 
of the toes. Faradism applied directly to the muscles of 
both legs induce no contractions in any of them, even with the 
strongest current. Galvanism produces vigorous contrac- 
tions to all the muscles on both sides equally, but these are 
slow, and tonic in character. In those on the right side the 
A.C.C. > C.O.C, and on the left A.0.0. = O.C.C. 
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Case XXVI.— PoZiowy^Ktw Anterior Chronica of one year's 
duration. Almost complete degeneration of nerve. Marked altera- 
tion in muscle. A. £. tet. 29, female, housewife. The 
patient states that she has been in good health till about a 
year ago. About this time she felt generally unwell, lost her 
appetite, had malaise, and other indefinite symptoms. In a 
few weeks her legs became weak and this increased so rapidly 
that in about a month she could scarcely walk. She had no 
fever or pain in the back, or bladder, or rectal troubles. 
This condition, in which she could only walk with great diffi- 
culty, continued for about five months, when in some respects 
she improved, and for about two months her powers of locomo- 
tion were comparatively good. After this however, weaknesB 
again ensued, so that a month ago she became so paralysed 
as hardly to be able to stand. This has continued and 
she has suffered from occasional attacks of shooting pains 
in the legs, especially during the night. About three weeks 
ago she noticed for the first time that there was stiffiiess 
and weakness of the hands and arms. 

At present the general health of the patient is good and all 
the organs are healthy. There are no cerebral symptoms and 
she is perfectly intelligent. There is some difficulty in mov- 
ing about in bed. She complains of paroxysmal attacks of 
shooting pains flying about all over her body. Sensibility is 
everywhere normal. The movements of the upper arms can 
all be performed, but weakly and slowly and the grasp of both 
hands is very feeble. Flexion and extension of the fingers 
are weak and unsteady, especially of the middle finger in both 
hands. The movements of the legs are very feeble and imper- 
fect, even when the patient lies on her back. She can draw up 
her thighs and legs but very slowly. The movements of the 
feet and toes are almost gone, more especially on the left side. 
There are no traces of patellar or other reflexes. The patient 
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cannot stand without assistance. Both deltoid muscles are 
considerably atrophied. Those of the upper arms are fairly 
nourished. The forearms are spare and thin, and both flexors 
and extensors appear wasted. The muscles of the ball of the 
thumb are markedly atrophied, but the interrossei are not 
especially so. The muscles of the thighs are small and thin 
but not extensively wasted. The flexors of the legs are much 
atrophied, and what is left is very soft and flabby. There 
are no prominent vaso-motor changes, but the skin of the 
extremities is cold. The irritability of the muscles to a me- 
chanical stimulus is very distinct. 

Electrical Reactions, — A moderate /aroe^ic current applied to 
the trunk of the ulnar nerve produces vigorous and apparently 
normal contractions. The same to the median and musculo- 
spiral on both sides has no effort. A much stronger current 
to the median, causes very slight flexion of the thumb on the 
right side. As strong a current as can be borne to the median 
causes only slight flexion of the wrist and pronation of the 
forearm. The same has no effort on the musculo-spiral 
nerve in extending the hand or Angers, and there is only a 
trace of extension of the thumb. Faradism applied directly 
to the deltoids with a very strong current, causes slight con- 
tractions at the anterior and posterior parts of the muscles, 
but none whatever at their middle. To the biceps and triceps 
of the right side there are fair contractions but on the left 
they are greatly diminished, and to the triceps there is no 
response. A moderate current causes good contractions of 
the Flexor Carpi ' Ulnaris, and slight to the common flexor of 
the Angers on both sides, but has no effect on any of the 
other superAcial muscles of the forearm. With a strong 
current the flexors of the wrist and Extensor Carpi Badialis 
respond very feebly, and the extensors of the Angers and 
Extensor Carpi Ulnaris do not act at aU. The small muscles 
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of the hand contract fairly well to a strong current. Both 
sides present much the same conditions, only somewhat more 
advanced on the leffc. Galvanism applied to the deltoids, 
causes somewhat sluggish contractions, the C.C.C. > A.G.C., 
but the latter increased. To the muscles of the upper arms 
the responses seem normal but to the triceps of the left 
side much diminished, C.C.C. > A.C.C. The responses to 
the Flexor Carpi Ulnaris appear normal, only the A.C.C. 
is somewhat increased. The same current applied to the 
other flexors of the forearm show diminution of response, 
A.C.C. = C.C.C, and the contractions are slow and tonic in 
character. The extensors of the fingers respond moderately, 
C.C.C. > A.C.C, but the latter is increased, and in those of 
the wrist the response is much diminished, A.C.C > C.C.C. 
Both arms to galvanism are much the same in character, but 
more advanced in degree on the left side where there is a 
general comparative diminution of response. 

To the lower extremities in general it may be said that 
tiiere is almost total loss of reaction with faradism to both 
nerve and muscle. To galvanism there are fair contrac- 
tions when applied directly to the muscles. To the flexors, 
C.C.C. > A.C.C, the latter increased. To the extensors, 
A.C.C. = C.C.C. 

Case XXVII. — Poliomyelitis Anterior Chronica of six months 
duration. Total degeneration of both nerve and muscle, C S., 
8Bt. 2, male. The mother of the patient states, that the child 
was perfectly well till about six months ago, when it suflered 
from measles. On recovering from this it was noticed that 
his legs were weak. This has continued to increase till the 
present time. Nothing special was noticed concerning his 
arms. 

At present the patient's general health is good. He cannot 
stand, and his legs sink under him. When lying on his back 
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he can move the limbs fairly well. Owing to the youth and 
fretfulnesB of the child it is difficult to make out the exact 
conditions. The skin of the leg is cold and cyanotic, and there 
is no marked atrophy of the muscles. The patellar reflex is 
very slight but not absolutely abolished. The mother has 
not observed anything unusual about the arms, and it is diffi- 
cult to ascertain anything for certain in this respect except 
that there is no very apparent paralysis. 

Electrical Bea/itiona, — Faradism to the median and ulnar 
nerves is followed by normal responses; to the musculo- 
spiral trunk by no action whatever even to the strongest 
currents. Applied to the flexor muscles of both arms, there 
are normal contractions. To the extensors of both fore- 
arms, no action, except slight extension on the ulnar side 
on the left;, and slight extension of the fore-flnger on the 
right side. Galvanism, as regards the nerve trunks, is the 
same as Faradism except that to the musculo- spiral there 
is slight action to a strong current. Applied directly to the 
flexors, the reactions are normal, except that A.C.C. is slightly 
increased. To the extensors generally, there are very feeble 
reactions to very strong currents, and to the extensors of the 
fingers in particular none at all. 

F. Pabalysis fbom diseases of the Spinal Coed. Elec- 
trical Eeagtions variable acgobding to the seat of 
lesion. 

Myelitis. 

Under this head may be classed all those acute and 
chronic inflammatory diseases of the spinal cord which 
have not yet been described. In short those in which the 
lesion is not confined to any definite functional tract, but is 
more irregularly developed. In such cases the electrical 
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reactions depend entirely upon the nervous structures in- 
volved by the disease, and they often form a means of assist- 
ing us to arrive at the seat and extent of the morbid condition. 
Here, as in other diseases, if acute, or in the early stages of 
chronic affections, the responses may at first be quantitatively 
increased from hyper-excitability of the nervous tissues. In 
yery chronic cases from any source there may be quantitative 
diminution, as a result of functional inactivity and secondary 
degeneration in the motor tracts. If the white columns only 
are diseased there is paralysis, with no alteration of nutrition 
or in the electrical reactions. If the anterior comua of the 
grey matter are degenerated there is structural change in 
nerve or in muscle, or in both, with corresponding electrical 
modifications. 

The entire length and thickness of the cord may be des- 
troyed, in which case the clinical symptoms would be apparent, 
in addition to the complete and general abolition of electri- 
cal phenomena. If a portion only of its whole thickness were 
degenerated there would be abnormal reactions to the parts de- 
rived from this segment, with healthy tissues above and below. 
Complications of various kinds, and in different localities may 
occur which may render a definite diagnosis extremely diffi- 
cult, but a careful electrical research seldom fails to give 
some clue to the mystery. It would be impossible in the 
present treatise to give an example of all the varied modifica- 
tions which may arise in myelitis. The following cases are 
illustrative of the chief phenomena to be met with. 

Case XXVIII. — Myelitis of five years duration. Probable 
disease of the antero-lateral and posterior columns Electrical re- 
actions, normal, A. B. set. 80, labourer, male. The patient 
states that he was in good health till five years ago, when 
without obvious cause he gradually experienced weakness and 
numbness in his legs with the feeling of a tight cord round 
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Ms waist. This very slowly increased and gradually affected 
the arms. For the last year or two he has suffered from 
great constipation and difficulty in passing water. 

At present the patient is in good general health, his orgacns, 
special senses , and intelligence are normal. The head and neck 
are healthy in every respect. The arms and legs are weak 
and feehle, and in all his limbs there is a tremor increased on 
exertion or excitement. The movements of the arms are 
very weak, and the grasp of the hands very feeble. He can 
walk, but with great difficulty, the gait is unsteady, he 
staggers, and has slight incoordination as well as weakness 
in his movements, which is much increased with closed eyes. 
There is no trace of cutaneous or tendon reflexes. Sensi- 
bility in the feet and legs is much diminished and in the 
hands and arms slightly so. There is no atrophy of muscles. 

Electrical Beactions, — To the nerve trunks and muscles 
these are normal with both currents. 

Case XXIX. — Myelitis of thirty years standing. Probable 
disease of the white columns. Electrical reactions quantitatively 
diminished. L. M., set. 48, female. The patient states that 
she was healthy till eighteen years of age. About this time 
she first noticed a slight failure in the motion of one of her 
fingers. This very slowly increased, and involved the other 
fingers and hand. Subsequently the paresis attacked the other 
upper extremity, and was accompanied with loss of sensation. 
The legs also became attacked in a similar manner. This 
increased, but very insidiously, for the next ten years, at the 
end of which time she was almost completely paralysed in all 
four extremities. The muscles became very stiff, but at that 
time she could move about a little with assistance. Since 
that period, that is during the past twenty years, she has 
lived the life of a plant. She has been unable to move any 
part of her body except her head. Her general health and 
special senses have been good. 
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At present the general health is not impaired. The patient 
is perfectly intelligent. She sits on a chair unable to move 
anything but her head, which with all its organs is healthy. 

r 

There is no trace of movement in either of the upper extremi- 
ties. The legs can be moved a little but to a very limited 
extent. She can support the weight of her body but cannot 
walk. There is great rigidity of all the muscles and the 
flexors are all in a high state of contracture. There are fre- 
quent involuntary twitchings of the muscles and limbs. The 
reflexes of the lower limbs are much exaggerated, including 
those of the patellar tendons, and ankle clonus is present. 
The sensibility of the legs is much diminished, but that of the 
arms seems normal. There are no trophic or vaso-motor 
changes, indeed the patient is very stout and well developed. 
There is slight incontinance of urine and constipation of the 
bowels. 

Electrical Reactiom, — To all the muscles and nerves of the 
paralyzed parts the reactions of both currents are dimin- 
ished, and require a much more powerful current than in 
health to produce contraction, otherwise they are normal, 
there being no qualitative changes. 

Case XXX. — Myelitis of six months duration. Probable dis- 
ease of the white columns and grey matter. Electrical reactions 
quantitatively and qualitatively changed, A. E., tet. 84, female, 
housewife, has always been of nervous and somewhat deli- 
cate constitution, but otherwise well. About six months 
before admission, she became one day sick and feverish and 
experienced sharp pains in all her limbs, and weakness and 
numbness in her legs. Next morning she could not stand 
although she could move her legs when lying on her back. 
She lay in bed for three weeks and became worse, lost 
all power in her legs, and the arms became affected with 
weakness and soon afterwards almost completely paralyzed. 



120 SLSCTBO-DIAONOSIS. 

She suffered at first from general malaise but there was no 
pain in the back, nor any bladder, or rectal troubles. She was 
admitted into a hospital where she remained three months, 
during which time her general health was good and some 
improvement took place in the movement of her limbs. 

At present the patient is a fairly healthy looking person, 
but pale and ansBmiq. She cannot stand or walk. When 
lying on her back in bed she can move her lege feebly.^ 
They cannot be fully extended owing to tonic contractions 
of the flexors of the thigh and leg. Attempts at passive 
extension cause great pain, and this can only be partially 
performed. There is no motion of the foot or toes, on either 
side. The muscles of the lower extremities generally are soft, 
flabby, and wasted. Bowels constipated, bladder not affected. 
The left arm which formerly was completely paralysed has 
recovered to a considerable extent. Its movements can be 
performed, but all of them are feeble. The fingers and hand 
are very awkward and clumsy, she cannot pick up small 
articles, &c. The grasp of the hand is very weak, the pres- 
sure exerted being only three pounds, as ascertained by the 
dynamometer. The right arm is . still more paralysed, the 
wrist drops, and the patient cannot bring the hand level 
with the arm. The movements of the wrist and fingers are 
very feeble and limited. There is no pressure whatever with 
the grasp of the hand. The movements of the forearm and 
upper arm are also very imperfect. The muscles of both 
arms are much atrophied especially the right, and in both 
the extensors of the wrist and fingers are especially ema- 
ciated, and the flexors are slightly contracted. The head and 
neck are normal. There are no traces of reflex action or 
tendon reflexes in the legs. There is great loss of sensibility 
below the knees, but above them it appears normal. There 
is no pain or tenderness in the baok> but there are occa- 
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sional shooting pains in the limbs. There are no cerebral 
symptoms. The skin is covered with cold clammy perspira- 
tion. 

Electrical Reactiom. — Faradism. To the nerve trunks of the 
leffc arm, this causes very feeble contractions of the muscles, 
and in some of them there is no response whatever. A strong 
current appHed directly to the flexors of the fingers causes 
moderate contractions. Neither the same, nor a much 
stronger stimulus, has any effect on the flexors of the wrist, 
or the extensors of the Angers and wrist, but there is a 
slight response to the radial extensor and that of the thumb. 
The small muscles of the thumb and little flnger respond 
feebly to very strong currents. The right arm is much the 
same only more advanced, there being only slight response 
to the extensor digitorum to a very strong current, the other 
muscles failing to contract. The muscles of the upper arm 
fure greatly diminished in irritability. To the nerves and 
muscles of the legs and thighs the strongest current fails to 
induce any contractions. The muscles of the trunk respond 
very feebly to strong currents. Oalvanism, To the leffc 
forearm a moderate current produces fair contractions of the 
extensors of the hand and Angers, C.C.C. > A.C.G. The 
same occurs with the flexors but the contractions are not so 
well marked. To the right arm a strong current produces no 
effect on the Extensor Carpi Eadiahs, or on either flexor of the 
wrist, and very shght to the Extensor Carpi Ulnaris. The 
flexors and extensors of the Angers act moderately with a 
strong current C.C.C. > A.C.C. but the latter is increased. 
To the lower limbs there is no response whatever to a strong 
current apphed to the nerve trunks. A powerful current to 
the muscles cause faint contractions C.C.C. > A.C.C. but the 
latter is increased. 

The patient remained in the hospital, or under observation 
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for thirteen months, at the end of which time her condition 
was as follows. The upper extremities were perfectly nor- 
mal in every respect. There was no trace of atrophy, and 
the movements and power appeared normal. She conld 
squeeze with the dynamometer 85 lbs. with the left and 25 
lbs with the right hand. Her legs some months ago had 
been forcibly straightened. She can move her limbs freely 
in bed in every direction, but cannot stand. The reflexes 
were not tested owing to the patient having a large abscess 
on her back. Sensibility was normal. The patient left at 
her own desire. The electrical reactions on her leaving 
were. Faradism to all the nerves and muscles of the forearms 
and hands, as far as could be determined was normal, except 
that the extensors of both wrists showed considerable diminu- 
tion. To Galvanism the actions appeared normal. The 
muscles and nerves of the legs were still considerably dimin- 
ished in response to both currents although greatly improved. 
Case XXXI. — Myelitis of nine months duration. Prohahle 
disease of a limited segment of the cord. Electrical Reactions 
showing abnormal changes in a zone round the waist, with normal 
responses in the upper and lower extremities, W. H., aBt. 45, 
male, servant. The patient states that he has no history 
of syphilis and that he was in good health till about two 
years ago, when without any apparent cause he was seized 
with pain in the back. This pain lasted for some months. 
About nine months ago he began to experience weakness and 
numbness of the lower extremities. This continued gradually 
to increase, so that a month ago he was unable to walk, 
which condition has continued ever since. He has had good 
general health, only suffering from constipated bowels and 
slight difficulty in evacuating the bladder. During the last 
month his legs have become totally paralysed, the muscles 
have contracted, and he has felt a tight constriction round 
the waist. 
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At present the patient is a robust man. All his organs 
and functions are healthy. He has no pain in the back. 
About five inches above the umbillicus the patient complains 
of the feeling of a tight band round his body. Above this 
hne all motion is normal, below it, totally abolished, and 
sensibility almost entirely lost. The muscles of the lower 
limbs are much contracted, and all the joints are so strongly 
flexed that even with force they cannot be extended. Al- 
though some of the muscles are somewhat soft and flabby 
there is no atrophy. Most of them are tense and rigid. 
There are frequent involuntary movements of the legs which 
cause considerable pain. Tickling or even touching the skin 
causes strong reflex movements. The tendon reflexes are 
greatly exaggerated, as are also the muscles to mechanical 
percussion. The bowels are constipated and there is incon- 
tinence of urine. The intellect and special senses are normal. 

Electrical Reactions, — Over a zone about five inches in 
width round the body, the lower border of which is at about 
the level of umbillicus, Faradism and Galvanism applied to 
the muscles, even with very strong currents, fail to induce 
any contractions. Both above and below the band the elec- 
trical reactions are healthy. 

m. Paralysis from disease of the peripheral nerves. 

The Electrical reactions in diseases of the peripheral nerves 
vary according to the extent of the lesion, but on the whole 
are more complete and definite than those arising from 
degeneration of the centres. In Chapter VI has been des- 
cribed the anatomical changes which take place in a motor 
nerve which has been experimentally divided, with the Elec- 
trical reactions which as a consequence follow. Precisely 
the same conditions occur in disease when it seriously involves 

K 
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the stmcture of the nerve, and is termed " the severe form ^ rf 
peripheral paralysis. Here there is total loss of response, 
with both currents when applied to the nerve tronk, total 
loss of farado-muscular excitabiLity, and the Galvanic current 
direct to the muscular tissue gives the characteristic signs of 
the reaction of degeneration, the whole indicating more or 
less complete destruction of both nerve and muscle. " The 
slight form " of peripheral paralysis is present, when there is 
loss of voluntary motion with normal electrical reactions, 
showing, that although the lesion is sufficient to cause parcu 
lysis, it has not led to structural changes in either nerve or 
muscle. Between these two extremes there is every variety 
of intermediate condition, constituting, ** the middle form '' 
of peripheral paralysis, in which although not complete, 
there is evidence of more or less organic degeneration of 
either nerve or muscle or both these together. The prog- 
nosis of the mild form is favourable, recovery usually 
being complete in two or three weeks, with or withodt treat- 
ment. That of the severe form is unfavourable, and if a cure 
takes place at all, it is only after many months, and even 
then it is incomplete. In the middle forms, the prognosis 
varies according to the severity and extent of the disease. 

These different degrees of nerve degeneration may aU arise 
from the same or diffierent affections of the nerve, causing a 
varying amount of destruction of its tissues. There may be 
simple quantitative increase of electrical response, as is seen 
in irritative lesions, and in the very early stages of severe 
diseases, but this is usually slight and temporary. Fre- 
quently there is quantitative diminution, and this in propor- 
tion to the histological alteration of the tissues. Finally in 
all serious affections of the nerve there are qualitative changes 
in the muscle. The explanation of these phenomena is 
precisely the same as that already given for similar results 



SLIGHT FORM OF FBBIPflERAL PABALTSIS. 131 

following diseases of the spinal cord, namely, the separa- 
tion of the tissues from their nutritive elements in that 
centre. By the electrical conditions, we are enabled accu- 
rately to determine the exact pathological state of nerve and 
muscle, the stage of its progress, and in most cases to 
iiazard with tolerable accuracy, its prognosis. 

A. Slig9t form of Periphebal Paralysis. 

Case XXXII. — Pardlym of the mvscuh-spiral nerve of two days 
duration. Electrical reactions quantitatively increased, A. W., 
^t. 87. male, potman. The patient states that he was per- 
fectly well till about two days ago. He went to bed in his 
usual health and on waking found his lefb arm weak, which 
has continued so since. 

At present the patient is a healthy man. There are no 
abnormal appearances of the Hmbs. The left wrist and fin- 
gers are very weak, and the former drops. He cannot extend 
the hand or fingers. The grasp of the hand is fair, but not 
nearly so strong as the other. The movements of the fore, 
and upper arm are normal. 

Electrical Eeactions, — ^All the nerves and muscles of the 
body are normal except the left musculo- spiral, and the mus- 
cles it supplies. Both currents applied to these, cause much 
more vigorous contractions than to the opposite and healthy 
side. 

Case XXXIII, — Facial paralysis of three weeks duration. 
Electrical reactions normal. L. B. 8Bt. 23, female, machinist. 
The patient states that she has suffered for many years from 
facial neuralgia on both sides, and pain in the right ear, 
otherwise with the exception of general nervousness, she has 
been in good health till three weeks ago. About this time it 
was first noticed that her face was drawn to the left side, 
which condition has continued ever since. 

k2 
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At present the patient although of a nervons temperament 
is in good general health. She complains of earache and 
neuralgia on the right side of the face, and frequent head- 
aches. The sensibility is normal. The face when at rest is 
sHghtly drawn towards the left side, where the markings on 
the skin are most distinct, and this is still more apparent 
when movement is attempted. The motions of the right 
side are markedly deficient. Both eyes can be closed. 
There is sHght indistinctness of speech. The movements 
of the tongue are normal. 

Electrical Beactums. — These are normal to nerve and mus- 
cle, and equal on both sides. 

Case XXXIV. — Paralysis of the median nerve of three weeks 
duration. Electrical reactions normal, F. S. »t. 63, male, 
mason. The patient states that he was quite well till three 
weeks ago, on waking one morning, and without apparent 
cause he experienced severe pain in the shoulder and along the 
inner side of the right arm. Next day this was much in- 
creased, and has continued ever since. A few days after the 
onset of the pain, the arm and hand became weak. 

At present the patient is a healthy man. He has severe 
pain, Hmited to the shoulder and inner side of the right arm. 
The median nerve can be felt through the skin, hard swollen 
and very tender to the touch, from the axilla to the elbow. 
The movements of the entire limb are feeble and imperfect. 
Flexion of the hand and fingers is extremely feeble and the 
grasp of the hand is almost nil. 

Electrical Reactions. — Both currents applied to the right 
median nerve, although they cause much pain, appear to 
produce the same muscular contractions as on the other 
side. Both currents applied to the motor points of the mus- 
cles themselves, caused contractions like those on the healthy 
side. 
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B, Middle Form of Peripheral Paralysis. 

Case XXXV. — Facial Paralysis of three years standing. 
Partial loss of voluntary motion* Structure of nerve partially 
<iUered, that of muscle healthy. M. G., 8Bt. 41, female, machin- 
ist. The patient states she has always been delicate, but has 
lad no definite complaint. Three years ago while in her 
ordinary health she observed her face drawn to one side, 
which greatly increased during the next few days. After a 
time this somewhat improved bat the condition has remained 
ever since. 

At present the woman is in ordinary health. There is 
severe but not absolute paralysis of the right side of the face, 
the features being all drawn to the left, both at rest and on 
motion. There are the usual symptoms, the incomplete clo- 
sure of the right eyelid, the smoothness of that side of the face, 
etc., and there are involuntary muscular twitchings of the 
affected muscles. The right ear is a little deaf, and she has 
slight difficulty in articulation. The palate and uvula are 
normal. There are no other nervous symptoms. 

Electrical Reactions. — A current with both Faradism and 
Galvanism to the trunk of the 7th nerve, sufficient to cause 
vigorous contractions on the left side, have no effect what- 
ever on the right. A very powerful current produces shght 
muscular response. Faradism applied directly to the muscles 
causes the same results. Galvanism to the muscles produces 
shght quantitative diminution but no quahtative changes. 

Case XXXVI. — Paralysis of the Ulnar Nerve of one month's 
duration. Partial loss of voluntary motion. Structure of nerve al- 
tered, that of muscle healthy. W. C, set. 41, male, brass-finisher. 
The patient was quite well till a month ago when he fell on 
his right shoulder. A few days afterwards he experienced pain 



134 BLBCTBO-DIACmOSIB, 

in that joint shooting down the arm, and soon afterwards gnk 
dnal weakness of the arm ensaed, witli numbness in the fin- 
gers, which symptoms have continued ever since. 

At present the patient is a healthy man complaining of 
severe pain in the right shoulder, shooting down the inner 
aspect of the arm. On manipulating the ulnar nerve it is 
distinctly tender from the axilla down to the elbow. There 
is numbness of the two inner fingers. There is no apparent 
wasting. The movements of the right hand and fingers are 
very weak, as compared with those of the other side. 

Electrical Beactions, — To the trunk of the right ulnar nerve 
there is marked diminution of response to both currents. 
Faradism directly to the Flexor Carpi Ulnaris, abductor, and 
flexor minimi digiti, show considerable diminution of re- 
sponse. All the other nerves and muscles are healthy to 
Faradism. To Galvanism these three muscles are normal, 
if anything with slightly increased reactions. This patient 
completely recovered in four weeks. 

Case XXXVU. — Facial paralysis of one week's duration. 
Structure of trunk of nerve altered. Its peripheral branches , and 
muscles normal, H. H., aet 88, male, brewer. The patient 
states that he was quite well a week ago. Then without ap- 
parent cause he noticed that the left side of his face became 
immoveable, and without apparant cause. This has contin. 
ued since. 

At present the patient is otherwise a healthy man. He 
presents all the symptoms of almost complete paralysis of the 
7th, nerve on the left side. The face is drawn to the right, 
he cannot close the left eye, etc., There is no abnormality 
of the uvula or palate. 

Electrical Beactions, — With a current of Faradism which pro- 
duces very vigorous contractions when applied to the trunk of 
the right facial nerve, there are none on the leftside, but with 
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H very powerful current there is slight response. Faradism 
Applied directly to the muscles, produces the same effects on 
both sides of the face. With Galvanism to the tnink of the 
nerve there is much diminished action on the left side. To 
the muscle, slightly increased quantitative change, but nothing 
quahtative. 

Case XXXVIH. — Faralym of the Median Nerve of two weeks 
dtanding. Great loss of voluntary Motion ; Partial degeneration 
of nerve and muscle, G.L., set. 46, male, rope maker. The 
patient states that he was quite well till a fortnight ago. On 
waking one morning he felt his right arm numb and weak, 
which has continued since* 

At present the patient is a healthy man. The right hand 
and fingers are very weak, especially the flexors. The grasp 
of the hand is almost nil. The movements of the fingers are 
very limited, and h« cannot use them for dressing himself or 
for other purposes. There is no marked wasting. 

Electrical Reactions, — The Faradic current to the right med- 
ian is followed by distinct diminution, but not total loss of 
muscular contraction. The other nerve-trunks are normal. 
Direct to the radical flexors and the muscles supplied by the 
median nerve there is also marked diminution of response, 
while to the extensors the reactions are normal. Galvanism to 
the median trunk indicates slight comparative diminution of ir- 
ritability. The same current applied to the paralysed muscles 
produces a more marked contraction than to the others, but 
it is slow and tonic and the A,O.C. = C.C.C. 



G. Severe form of Pebipheral Paralysis. 

Case. XXXIX. — Facial Paralysis of two months duration. 
Almost total loss of voluntai'y motion. Complete degeneration of 
nerve^ with alteration in muscle, L. P., aet. 21, Female, servant. 
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The patient states that although in good general health, she 
is of nervous temperament. Two months ago she went to 
bed one night in her usual health. Next morning, without 
obvious cause, she found the right side of her face paralysed, 
and this has continued ever since. 

At present the patient is an otherwise healthy-looking per- 
son. The right side of the face is almost entirely paralysed, 
but not absolutely so. She cannot close the right eye, but 
there are slight movements of the eye-brows when she at- 
tempts to do 60. The other movements of the features are 
almost aboHshed. Fauces and palate normal. 

Electrical Reactions, — A very strong application of either 
current fails to ehcit any response whatever to the trunk of 
the right facial nerve. Faradism appHed directly to the 
facial muscles produces no result. Gralvanism directly to the 
muscles, causes contractions with a current so weak that it 
has no action whatever on the healthy muscles of the oppo- 
site side. The contractions are slow and prolonged, and the 
A.C.C. > G.C.G. A year afterwards this patient had im- 
proved but not entirely recovered. 

Case XL. — Paralysis of the Musculo Spiral Nerve of ten days 
standing. Complete degeneration of nerve, with partial degenera- 
tion of muscle. J. S., set. 37, male, cutler. The patient states 
that he was quite well ten days ago, and went to bed in his 
usual health, having been drinking heavily. Next morning 
he experienced numbness of the right thumb and fore-finger. 
This continued, and the next day the wrist and fingers of the 
right hand were weak. This increased during the next few 
days, and in addition a slight choreic movement appeared in 
the arm. 

At present the patient is otherwise a healthy man. The 
choreic like movements in the arm have ceased. There 'is 
no evidence of lead poisoning. The parts are normal every- 
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"where except the right foreaxm and hand. The movements of 
the right hand and fingers are very feehle, there is wrist drop, 
and the patient cannot extend the hand, which is kept greatly 
flexed. There is no trace of extension of the fingers. The 
grasp of the hand is feeble. Pronation and supination is 
normal. There is no marked wasting of the mnscles. The 
sensibility is normal. 

Electrical Reactions. — Both currents applied to the trunk of 
the musculo- spiral nerve, produce no effect whatever on the 
extensors of the wrist or fingers. Earadism directly to these 
muscles causes no contractions, even with strong currents. 
Galvanism direct to the affected muscles produces contractions 
about equal to those on the healthy side, but slower and 
more tonic in character, and the A.C.O. == C.C.C. The 
reactions to the flexors and other muscles are normal. 

Case XLI. — Facial Paralysis of 4:1^ years standing. Almost 
complete loss of voluntary motion^ Netue completely degenerated. 
Muscle almost completely degenerated, G. Y., 8Bt. 6, male, 
schoolboy. The patient is stated to have been taken ill four 
and a half years ago, when his face became twisted, and this 
has continued ever since. 

At present the patient is otherwise healthy. He suffers 
from all the usual symptoms of almost complete paralysis of 
the right facial nerve, difficulty of closing the eye, etc. He 
also suffers from headaches. 

Electrical Reactions, — The strongest currents of both bat- 
teries fail to produce any effect when applied to the trunk of 
the right facial nerve. Faradism applied directly to the 
muscles is also followed by negative results. Galvanism with 
very strong currents, direct to the muscles, produces very feeble 
contractions, which are almost imperceptible, the A.C.C = 
C.C.C. 

Case XLII. — Paralysis of the ulnar and muscvlo- spiral nerves^ 
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of deven weeks duratiariy as a resuU of pressure. Great loss of 
voluntary motion. Advanced degeneration of nerves and musdes, 
R. L., aet. 23, male, bricklayer, nnder the care of Dr. Sturgee. 
The patient states that sixteen weeks ago being in perfect 
health, he broke his leg. At the end of a fortnight he began 
to go about on crutches. Three weeks after this he noticed 
that his left hand became weak, and this has continued ever 
since. He has not observed any affection of the other arm. 

At present the patient is a perfectly healtfiy man with the 
exception of his upper extremities. He is a very heavy bulky 
subject. The trunk and shoulders are normal. The move- 
ments of the shoulder joints are healthy, as are apparently 
those of the entire right upper extremity. The actions of the 
left elbow joint are fair, but much feebler than on the opposite 
side. There is complete wrist drop and the extensors of the 
hand and fingers are absolutely paralysed, there being not the 
slightest trace of movement. The wrist and fingers can be 
flexed, but feebly, and the grasp of the hand is almost 
nil. The grasp of the right hand, appears weaker than nor- 
mal. The size of the left arm below the shoulder is 
uniformly considerably smaller than the other, but no special 
muscles are atrophied. The muscles are flabby, and the 
limb is cold and purple. There is no rigidity, and the joints 
are quite flexible by passive motion. The wrist and fingers 
are kept in a state of flexion, which can be easily overcome. 
The sensibility of the skin is normal. 

Electrical Reactions. — Faradism. On the right side the 
median and ulnar nerves are healthy, but the musculo-spiral 
is markedly diminished in reaction. In the left arm the 
median nerve is normal. The ulnar is greatly diminished 
in excitability, there being only slight flexion of the thumb 
when its tnmk is irritated above the elbow. There is no 
response whatever when the musculo-spiral is stimulated 
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with a moderate current but with the strongest there is 
very slight response. Faradism applied to the muscles on 
the right side causes apparently normal contractions, except 
to the extensors of the fingers and wrist, which are some- 
what diminished in response. On the left side there is great 
diminution to all the extensors, as with a strong current 
there are very feeble contractions of those of the fingers, and 
none at all of those of the wrist. The flexors appear 
normal. Galvanism, To the nerve trunks much the same 
reactions as to faradism. The flexors of the right side are 
normal. The extensors give fair contractions, but the 
A.C.C. is increased. The same condition exists in the 
biceps and triceps muscles. On the left side the flexors 
are normal except that A.C.C. is increased. To the ex- 
tensors of the fingers the response is considerably dimin- 
ished, and the A.C.C. increased. To the extensors of the 
wrist this is so greatly diminished as to require a very 
powerful current to produce any action, and A.C.C. = 
C.C.C. In the biceps and triceps the reaction is diminished, 
and A.C.C. > C.C.C. With a powerful interrupted galvanic 
current to the extensors of the wrist, there is a contraction at 
making the current followed by immediate relaxation, al- 
though the current continues to pass, there being no tetanic 
spasm. This tetanus is seen in all the other muscles. 

IV. Paralysis of Doubtful Origin. 

Under this head are included those forms of paralysis, the 
exact pathology of which, has not as yet been actually de- 
monstrated. 

Hysterical Paralysis. 

The electrical reactions in hysterical paralysis to both nerve 
and muscle are practically always normal. In some cases 
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there may be quantitative changeB, but these are of slight 
degree, and qualitative alterations are never present. In- 
creased response indicates general nervous excitability, and 
diminution sometimes occurs in very chronic cases from func- 
tional disuse of the muscles. In certain cases, in addition to 
the ordinary reactions, the electrical stimulus produces ir- 
regular contractions of distant parts, and even of the opposite 
limbs. This indicates great excitability of the nervous sys- 
tem, and more especially of the cord. 

Case XLIH. — Hysterical Paraplegia. Second attack of two 
month's duration. Complete anasthesia, and loss of voluntary 
motion. Electrical reactions normal, — ^H. H., aet. 27, female, 
charwoman. The patient states that upon the whole her 
general health has been good. Some few years ago her 
husband died, and she was then compelled to earn her own 
living. A year ago she was seized with complete paralysis of 
the legs which continued eleven days, and from which she 
entirely recovered. About two months ago she gradually 
experienced a feeling of numbness in her feet accompanied 
with weakness. This has gradually increased so that now 
she has neither feeling nor motion in her limbs. 

At present the patient's general health is excellent, and she 
is unusually robust-looking for a hospital patient. There is 
no trace of voluntary motion in any part of the lower extre- 
mities. The reflex actions and tendon reflexes are exagger- 
ated. There are constant involuntary movements of the legs. 
There is complete anaesthesia and analgesia of the skin of the 
lower extremities. There is no pain anywhere. There is in- 
continence of the urine which constantly nms away without 
the knowledge of the patient. The other organs are healthy. 

Electrical Reactions, — To both nerve-trunks and muscles 
these are normal. This patient subsequently recovered. 

Case XLIV. — Paralysis probably Hysterical, Second attack 
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of three months duration. Widely diffused muscular contractions 
on electrical stimulus. — A. B., 8Bt. 21, female, sempstress. The 
patient states that she has never been a robust person, but 
has enjoyed fair general health till about a year ago. About 
this time without obvious cause she lost the power of her 
legs. For several weeks she was unable to move the limbs, 
after which she slowly recovered and continued in her usual 
health till about three months ago. Then, somewhat sud- 
denly, in the course of two or three days, she again became 
paralysed in the lower limbs, for which she can assign no 
reason. Some few weeks afterwards, weakness was experi- 
enced in the arms, but the legs somewhat improved in power. 
These conditions have continued since. 

At present the patient is an ansamic, delicate-looking girl, 
of highly nervous temperament. She is emotional and 
hysterical, but has never had severe attacks. She complains 
of pains in the head, back and Hmbs. The head and special 
senses are otherwise normal. Both arms are very weak, but 
nowhere specially so, and there are no trophic or vaso-motor 
abnormalities. Both arms are affected with a violent choreic- 
Hke tremor, which is greatly increased on attention being 
directed to it, or when attempts are made to do anything. This 
is sometimes so violent that the patient is unable to feed or 
dress herself. The lower extremities can be moved when the 
patient lies in bed, but in a jerky and irregular manner. 
She cannot stand or walk, and when she attempts to do so, 
even with assistance, her legs seem to sink from below her. 
There are no special muscles paralysed, or is there any wast- 
ing of their substance. The sensibility is considerably dimin- 
ished everywhere, and especially in the lower part of the 
body. All the reflex actions are very vigorous, and the ten- 
don reflexes greatly exaggerated. The mechanical irritability 
of the muscles is also much increased. There are no blad- 
der or rectal troubles. 
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Electrical Reactiom, — ^Both cnrrents when applied to the af- 
fected nerves and muscles apparently produce normal reactions. 
When, however, the electrode irritated any nerve, it not only 
caused contractions of the muscles supplied hy it, but also 
many of the others higher and lower down, and also some of 
those on the opposite side. These apparently reflex contrac- 
tions were so strong, and so general, that it was extremely 
difficult to determine the local effect of the current. 

Lead Pakalysis. 

In this disease there may be abnormal electrical changes 
before the patient's attention has been directed to any loss of 
motion. In a case of lead poisoning observed by myself, in 
which the voluntary movements appeared unimpaired, elec- 
tricity indicated normal reactions of the large nerve-trunks, 
but diminished response to their peripheral branches, also com- 
mencing qualitative alterations in the muscular fibre. The 
subject in this instance considered himself a perfectly healthy 
man. Paralysis, when it does appear may come very sud- 
denly, and very rapidly develope abnormal electrical reactions. 
These consist of, speedy but seldom absolutely complete loss 
of response with both currents to certain nerve-trunks, and 
more especially to their peripheral terminations ; there is in- 
creased irritabihty to galvanism of the affected muscles ; the 
contractions are slow and tonic, with considerable increase of 
the anodal closure contraction. In short, there exist the ty- 
pical reactions of serious neuro-muscular degeneration. In 
the further progress of the disease the electrical reactions may 
undergo all the phases already described as occurring in this 
condition, and may on the one hand end in recovery, or on 
the other, may proceed through all the stages to total aboli- 
tion of response with faradism and galvanism to both nerve 
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and muscle. As far as the actual character of the reactions 
themselves is concerned, their phenomena are much the 
same as are seen in poliomyelitis anterior ; but their distri- 
bution, extent, and general progress are very different. 

Case XLV — Lead Poisoning, No paralysis. Electrical conr 
ditions indicating commencing alteration in the peripheral intra* 
muscular nerves ^ and in the nmscles, A. B., 8Bt. 40. male, house 
painter. The patient states that he has been a painter for 
twenty years, and has worked much with white lead. He 
has never been a robust man but has been in fair ordinary 
health till about a week ago. He was then attacked with 
pains in his bowels, and general weakness and indisposition, 
from which he has suffered since. 

At present the patient is a pale sallow-complexioned man, 
but with the exception of his present complaint he is in his 
usual health. For the last week he has suffered from sharp 
attacks of colicy pains in his abdomen, coming on at intervals, 
but leaving in the interim an uneasy feeHng. He has lost 
his appetite, and his bowels are greatly constipated, otherwise 
there are no abnormal symptoms. There is no weakness or 
wasting of the wrist or fingers, and the patient's attention 
has never been directed to any failing in these localities. 

Electrical Reactions. — Both currents applied to the musculo- 
spiral, and other nerve trunks, an followed by normal re- 
sponses. Faradism to the extensors of the wrist and fingers 
of both arms require a strong current to cause contractions, 
which are here much less vigorous than to the flexors or other 
muscles. Galvanism applied to these produces contraction 
apparently of normal force, but the A.C.C. is very marked- 
ly increased. 

Case XL VI. — Lead Paralysis of tico weeks duration. Partial 
degeneration of nerve. Commencing alteration of muscle, W. C, 
set. 89, male, house painter. The patient says he has been 
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a house painter for twenty five years. He has never had any 
actual iUness, but for many years has not been a robust man. 
About a fortnight ago he felt unwell with indefinable symp- 
toms, and pains and cramps in all his limbs. Having gone to 
bed in this condition one night, next morning he found his 
hands stiff and weak. This has gradually continued to in- 
crease ever since. 

At present the patient is a slightly built, pale, and delicate 
looking man with a sallow complexion and marked blue line 
on his gums. His organs and special senses are healthy and 
he complains only of the weakness of his arms. Both Deltoid 
muscles are greatly atrophied. The muscles of both upper 
arms are thin, soft, and flabby. The forearms and hands are 
thin but cannot be said to be specially atrophied. The move- 
ments of both shoulder joints are extremely limited. He 
cannot abduct the elbows from the side more than a few inches, 
although all the other movements are performed, but very 
feebly. The movements of the elbow joints are weak, and the 
grasp of the hands is extremely feeble. There is no actual 
wrist drop, but there is marked difficulty in extending the 
hands and fingers. There is a well marked tremor of both 
arms and hands, and apparently confined to them, which is 
increased when attention is directed to it. Here and there 
in the affected muscles are fibrillary contractions of the fibres. 
The mechanical irritability of the diseased muscles is active 
and more so than in the healthy ones. Both sides are as 
nearly as possible the same. 

Electrical Reactions, — Faradism applied to the ulnar and 
median nerves produces vigorous and healthy contractions. 
To the musculo- spiral trunk there is vigorous extension of the 
thumb, but all the other movements • are much diminished. 
Applied directly to the flexor muscles there are good contrac- 
tions. The same current to the extensors produces no effect ex- 
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«epfc very slight extension of the ulnar side. The extensors of 
the thumb appear normal. With a stronger current there 
is no response whatever to the extensors of the fingers. The 
Biceps and Triceps muscles are normal. The anterior por- 
tions of the deltoids contract feebly to a strong current but 
the posterior portions do not do so. So far both sides of the 
body are equal. The le& trapezius reacts somewhat less 
than the right, but contracts vigorously. The right rhomboid 
appears to contract freely, but sUghtly less than the left. The 
muscles of the hand appear to be normal. Galvanism is nor- 
mal to the median and ulnar nerves, and somewhat diminished 
to the musculo- spiral. It is also normal to the flexor muscles 
of the forearm. To the extensors of the wrist and fingers, a 
current which produces no effect on the healthy muscles, causes 
in them marked contractions, slow and tonic in character, 
and the A.CC. > C.G.C. To the Extensor Carpi Ulnaris the 
A.C.C, is not so well marked, and to the extensors of the 
thumb it does not appear to be augmented. To the Trap- 
ezius, Ehomboid, Triceps, and Biceps muscles the reactions 
are normal, except that in all the A.C.C. is slightly increased. 
To the Deltoids there is increased irritability, and a current 
which produces no effect on healthy muscle, with the C.C.C, 
causes a contraction in these with the A.C.C, Both sides 
of the body are equal. 

Cask XLVIL — Lead Paralysis of six months duration. Al- 
most complete degeneration of nerve. Advanced alteration of 
muscle, J, D. SBt. 57, male, lead worker. The patient states 
that he has worked amongst lead for fifteen years, and has 
always enjoyed good health and never to his knowledge suf- 
fered from lead poisoning till six months ago. He then began 
to experience a pricking sensation in his fingers, and pains in 
his limbs, with weakness of the hands. These symptoms 
have gradually increased and continued up to the present time. 



k 
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On exainination the patient is a healthy looking man. The 
body generally is spare and thin. There is no marked special 
wasting of any of the mnscles except those of the extensors of 
the hand; the thenar and hypothenar regions, and the inter- 
rossei are extensively atrophied. There are no movements of 
either upper extremities which are actually lost, but all from 
the shoulder downwards are feeble and imperfect. The ex- 
tension of the hands and fingers more especially is weak, but 
can be performed slowly. Both sides are much the same, the 
right being somewhat more marked than the left. The 
sensibility of the skin is everywhere normal. There is a well 
marked blue line on the gums. The organs and other parts 
of the body are healthy. 

Electrical Reactions. — The Faradic current to the median 
and ulnar nerves is followed by normal action. To the mus- 
culo-spiral there is only slight extension of the thumb. Applied 
directly to the muscles the biceps, and flexors of the hand and 
fingers, contract vigorously, the supinators and extensors of 
the thumb slightly, and the triceps and other extensors and 
small muscles of the hand not at all. The Galvanic current 
to the affected muscles causes contractions, but considerably 
diminished in degree, slow and tonic in character, and the 
A.C.C. in most of them equals the C.C.C. 

Case XLViii. — Lead paralysis of Jive months duration. 
Complete degeneration of nerve and muscle, E. H., set. 82, male 
house painter. The patient has been a painter for eighteen 
years. As far as he knows he has never had any symptoms 
of lead poisoning till eight months ago, when he was laid up for 
three weeks with an attack of colic. From this he recovered 
and remained well till five months ago, when he had another 
attack. While suffering from this he was seized with three 
**fits" of an epileptiform character, and soon after this he 
noticed that his hands were weak. This increased and has 
continued ever since. 
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At present the patient is a fairly healthy looking man, and 
lie is well except his arms and hands. In the right side the 
disease is more advanced than in the left. The former 
4krm he cannot raise to the level of the shoulder. The 
movements of the forearm are very feehle. There is 
distinct wrist drop and total incapacity to effect the slight- 
est extension of the hand. The fingers are fixed and 
cannot be extended. The grasp of the hand is very 
feeble. The left npper extremity is the same bnt not quite 
80 advanced. There is no marked atrophy of muscles except 
•the extensors of the wrist, which on the right side seem to 
have disappeared. 

Electrical Reactions, — Faradism to the Median and Ulnar 
nerves is normal ; to the Musculo- spiral there is no response 
except slight action of the supinators and Ulnar extensor. 
Applied directly to the muscles on the front of the arm the re- 
actions are apparently normal ; to the extensors of the thumb 
fair contractions, but these are much diminished in the Ext. 
Carp. Ulnaris, and there are none to the extensors of the wrist 
and fingers even with a very strong current. The muscles of 
the hand act fairly well to a powerful current. This is the same 
on both sides, but less marked on the left. The galvanic 
current to the nerve-trunks is the same as the faradic. 
Direct to the extensors of the left hand and fingers, there 
are moderate contractions but considerably diminished as 
compared to the healthy muscles. These are slow and tonic 
in character and A.C.C,=C.C.C. The same to the Extensor 
Ulnaris of the right side, but to all the other extensors no re- 
sponse whatever to the strongest current of the battery. 

Choreic Paralysis. 

In some cases of chorea there is a considerable amount of 
paresis, which may sometimes even amount to paralysis. The 

l2 
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electrical reactions in this condition are little known. In 
the cases which have come under my notice, however chronic, 
or however great the impairment of voluntary motion has 
been, I have never seen any diminution of response to the 
galvanic current, or any qualitative changes. In very chronic 
cases the reactions have been found normal, and in most of 
those more recent the responses were found exaggerated 
throughout the affected nerves and muscles. In a case of 
hemichorea cited below the electrical reactions were nor- 
mal on the healthy, and comparatively much exaggerated on 
the choreic side, but unaccompanied by any trace of qualita- 
tive reactions. The number of cases at my disposal have not 
been sufficient to draw any conclusions as to the electrical 
conditions at the different stages of the disease. One singu- 
lar fact has been noted 'that in a certain number of cases and 
more especially in adults, the reaction of faradism to the 
nerve-trunks is diminished, while that of galvanism is in- 
creased. In one case galvanism applied to the muscle showed 
the COC to equal the GGC. I can offer no explanation of 
these phenomena. 

Case XLIX. — Acute Chorea of two months duration, jElee- 
trical reactions quantitatively increased, H. M., set. 6, male. 
The patient, although not robust, has been healthy till about 
two months ago, when restless movements were first ob- 
served. No cause can be assigned. They have continued 
to increase ever since. 

At present the child is pale and thin but otherwise healthy. 
He presents all the characteristic signs of chorea affecting 
the head, body, and all the extremities. The movements are 
not violent but are well marked, especially in the face, hands, 
and feet. There is considerable muscular weakness, and he 
walks with a very unsteady gait. 

Electrical Reactions, — Both currents, and especially the gal- 
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vanic, when applied to all the nerve-trunks and muscles of 
the body show great readiness of response to very feeble 
powers of the battery. When these are so weak as to be 
scarcely felt by the operator they produce vigorous muscular 
contractions on the patient. No qualitative changes. 

Case L. — Hemichorea in an adult of one month's duration. 
Electrical Reactions normal on one side, and quantitatively in- 
creased on the other, E. B., 8Bt. 20, female. The patient was 
married eleven months ago and is now seven months preg- 
nant of her first child. She has been well till a month ago, 
when without obvious cause, irregular movements appeared 
in the left arm and leg. These have continued since. 

At present the patient is in good general health, and the 
intellect is normal. There are very well marked, but not 
actually violent choreic movements of the entire left side, in- 
cluding the face. The right side is quite unaffected. The 
reflexes are the same, and normal on both sides. The left 
limbs are distinctly weaker than those of the right. 

Electrical Reactions^ — Throughout the body the response to 
both faradism and galvanism is increased, so] that very feeble 
currents cause vigorous contractions when applied to any of 
the nerve-trunks. This is, however, very much more marked 
on the left side, where the excitability as compared with the 
right is distinctly greater. No qualitative changes. 

Case LI. — Congenital Chorea in a patient ten years of age. 
Electrical reactions quantitatively increased, J. W., 8Bt. 10, 
male. Irregular movements of the limbs have been noticed 
in the patient from his earliest infancy, and they have 
continued ever since. He has an elder sister, who has 
been likewise affected from her birth. His intelligence has 
never been very good, and he cannot read or write. He is 
stupid and childish. 

At present the general health is fairly good ; the intellect, 
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although not actually absent, is evidently blunted and altered. 
There are well-marked choreic movements all over the body, 
including the face and head. These are equally distributed* 
The patient walks in a shuffling, awkward manner, and is 
said to be easily fatigued. There is no special paresis, and 
the limbs, although thin, are nowhere actually wasted. 

Electrical Reactions, — ^Feeble currents from both batteries, 
which the operator can scarcely feel, produce very vigorous 
contractions when appHed to all the nerve trunks and 
muscles of the patient. There are no qualitative changes. 

Case LII. — Chronic Chorea, second attack, of ten months 
duration. Electrical reactions quantitatively diminished to 
faradism, and increased to galvanism, S. M., set. 15, female. 
The patient states that she has always been in good general 
health. Four years ago she suffered from an attack of 
chorea, which lasted a year, and which was the result of a 
fright. From this she completely recovered. Ten months 
ago restless movements appeared in all the limbs without 
apparent cause, and these have increased and continued ever 
since. 

At present the patient is a robust, healthy-looking girl. 
8he has choreic movements of all the limbs, trunk, head and 
face. These are very violent and constant, and the patient 
experiences much difficulty in ^tting on a chair, lying in bed, 
and is incapable of doing anything for herself. She com- 
plains of weakness and languor. 

Electrical Reactions, — A faradic current bo strong as can 
scarcely be borne by the operator, causes only the very 
feeblest contractions when appHed to the nerve trunks of 
the patient. When the current is further increased in 
strength they are very vigorous and otherwise normal, but 
the patient cries out with pain. A galvanic current — so 
weak that it cannot be appreciated by the operator— causes 
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very vigorous contractions when applied to the nerve tronks 
of the patient. A current from 5 Leclanch^ cells causes 
marked contractions when the ulnar nerve is stimulated. 
The muscles themselves are also equally excitable. There 
are no qualitative changes except that the AOO = GOG. 

Pabalysis fbom Simple Atbophy. 

It occasionally happens that after various exhausting 
diseases, or from other circumstances, the muscular sys- 
tem undergoes simple atropihy, and the body emaciates, and 
sometimes this may be more apparent in certain parts than 
in others. This is accompanied by corresponding weakness,, 
and a condition may arise which has been mistaken for more 
Berious organic disease of the nervous system. In such a 
case as this, the electrical reactions are perfectly normal in 
character, and their vigour depends on the actual bulk of 
the muscle which remains, thus distinguishing it from pro- . 
gressive muscular atrophy, and other more permanent affec- 
tions. 

Gase Lni. — Paresis from Wasting of Muscles after prolonged 
rheumatism and inanition. Electrical reactions normal, E. F., 
aet. 26, male : labourer. Under the care of Dr. Sturges. 
The patient states that four months ago he was perfectly 
well. He was then seized with a sub-acute attack of rheu- 
matism of a severe character, which involved most of the 
joints of his body. With this he was laid up in bed for nine 
weeks : he suffered much pain, and did not have good nour- 
ishment or attention. On getting out of bed he noticed that 
he was very thin, especially his arms, which has continued 
since. Although latterly the pains in his limbs have im« 
proved, his general health has been very feeble : he has been 
depressed in mind and body, and his pecuniary circumstances 
have been very bad. 
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At present the patient is pale and weak, and he moves aboirt 
with great difficnlty. He has occasional pains in the joints 
and limbs, which are increased on movement ; the left shoulder 
joint is stiff and grates when manipnlated. There is no actual 
paralysis anywhere, but all the movements are feeble and 
imperfect, more especially those of extension of the arms, 
hands, and fingers. All the muscles of the body are 
small, soft, and flabby, those of the fore- arm and hands 
especially, the extensors of which on both sides are more par- 
ticularly atrof^ed. The grasp of both hands is extremely 
feeble. 

Electrical Reactions. — To the nerve-trunks with both cur- 
rents there are perfectly normal reactions. The faradic 
current, appHed directly to the muscles, showed that if their 
contractions were not so vigorous as in health, they were in 
proportion to their bulk. To galvanism also there was slight 
diminution, but no quaUtative change. 

Paealtsis of Malinoeeers. 

In suspected cases of malingering, or in doubtful instances 
of paralysis, in which the patient is supposed to have some 
special interest in feigning disease, electricity may sometimes 
give most positive evidence. If any abnormal reactions 
exist, it is absolute proof of the presence of a morbid condi- 
tion. On the other hand, absence of such does not of neces- 
sity demonstrate that the affection is fanciful, the diagnosis 
of which must then be ascertained by other means. If, 
therefore, a person claiming to be paralysed for pecuniary 
or other interests, exhibits abnormal electrical reactions, and 
if these coincide with the other facts of the case, we are in a 
position to state that anatomical changes in the nervous 
system certainly exist* The nature of these will be deter- 
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snined by our general knowledge of the circnmstances before 
'CIS. In the event of the responses being normal, in that 
:3:espeGt the evidence is simply negative, and a decision must 
1)6 arrived at from other data. In many of those difficult 
Hsases after railway and other accidents, when persons demand 
eompensation from companies or individuals, the existence of 
the reaction of degeneration would be a feet of vital impor- 
tance in favour of the applicant, as it would indicate that he 
was suffering from a serious nerve lesion. Such a demon- 
stration is more conclusive in a Court of Justice than any 
amount of mere authoritative opinion. 

Examples of these are detailed in Cases XXY. and 
LVII; In these it was suspected by both the relations 
and doctors of the patients, that the paralysis wa3 not 
genuine. The electrical phenomena definitely proved the 
existence of real organic disease, which the subsequent pro- 
gress of events fully demonstrated. 

In the question of railway accidents, I myself have had no 
practical experience, but the following instance occurred in 
the practice of a professional friend, by whom I am permitted 
to give only a very superficial sketch of the circumstances. 

Case LIV. — Railway Accident. Alleged paralysis. Electri- 
cal reactions demonstrating degeneration of nerve and muscle. . 

Mr. ., 8Bt. 50, having previously been in good health, was 

in a train which collided with another on a certain railway 
line. He was much shaken, and was taken home insensible. 
From this last symptom he recovered, but for some weeks 
afterwards was laid up in bed, suffering from the results of 
the shock. After a time gradual weakness was experienced 
in the lower extremities, which increased, till he could neither 
walk nor stand, and this lasted for many months. As the 
gentleman had been in receipt of a large income, of which his 
present condition deprived him, he brought an action for 
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very heavy damages against the Bailway Company who 
were responsible in the matter. There were a number of 
circumstances which raised the suspicion of the different 
parties, and grave donbts existed as to whether or not the 
paralysis was not greatly exaggerated, if not entirely feigned. 
Medical men were called to decide the question and as 
nothing positive in the case could be detected there was am- 
ple room for difference of opinion. An expert then elec- 
trically investigated the various tissues, and he found 
distinct evidences of both nerve and muscle degeneration. 
This with other circumstances enabled him with great cer- 
tainty to establish the fact that organic disease of the spinal 
cord existed, and this of a tolerably advanced stage. This 
evidence was chiefly the means of procuring for the sufferer 
very heavy compensation, to which the progress of his disease 
in after years showed him to be fully entitled. 



CHAPTEE IX. 

Conclusion. — The Practical Utility of Electbo-dugmosis* 

In the preceding pages an attempt has been made to give m 
detail, the electrical reactions of the different tissues in health 
and disease, and more especially in the different forms 
of paralysis. It is from a general knowledge of the facts 
thus displayed, and by their intelligent application in practice 
that nseful deductions as to pathological conditions are to be 
drawn. As has already been insisted upon, like aU other 
methods of physical diagnosis, electricity must not be de- 
pended on alone as the sole means by which we are to arrive 
at a just conclusion in investigating the nature of disease. 
It is only one of the aids we employ, but which in conjunc- 
tion with other facts and observations is a most powerful 
auxiliary. A broad general view, and not a special one, 
should therefore be taken of the subject, and although this 
particular agent if scientifically employed will facilitate our 
methods of research, and the accuracy of our conclusions, we 
must not expect it by itself to act as a mysterious power 
which will give us every information without an enquiry into 
all the other circumstances of the case. While insisting 
upon this general principle, and disclaiming against the for- 
mation of too exalted notions as to the exclusive potency of 
the use of electricity in diagnosis, there are in this as in aU 
modes of research certain instances in which it would appear 
that this agent actually gives us knowledge which cannot be 
arrived at from any other source. Of this many examples 
will be found amongst the cases already detailed in this book. 
In order more particularly to indicate the method of investi- 
gation employed, and the mode of drawing inference from 
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the facts elicited, special attention is directed to the following 
selected cases. 

1. Electrical Reactions in a douhtfuZ case of monoplegia, sug- 
gesting its cerebral origin. — Case 11. was that of a man who 
had sufTered for four years from paresis of one arm, without 
any other defbite symptoms. The fact of finding in so 
chronic an affection the electrical reactions normal, sug- 
gested a cerebral lesion ; for peripheral paralysis and disease 
of the grey matter of the cord being thus disproved, it was 
very unlikely that any morbid condition of the lateral columns 
would have remained limited for so long a period. The 
diagnosis arrived at was subsequently proved to be correct 
by post-mortem examination. 

2. Electrical Reactions in a doubtful case of monoplegia, 
indicating it to be of spinal origin, — Case XY. was that of a 
man who had suffered for five weeks from pain and weakness 
of his right arm, with slight atrophy of the Hmb. The 
question arose — was this due to a cerebral, spinal, or a 
peripheral lesion ? The fact of the nerves being healthy 
to electrical tests proved that it was not the last, the muscu- 
lar degeneration indicated that it was not the first, but this 
occurring in both limbs, demonstrated the spinal origin of 
the disease. 

8. Electrical Reactions in a doubtful case of m^ynoplegia indi- 
cating it to be of peripheral origin, — Case XXXVI. was that of a 
man who, after a fall, suffered from weakness of one of his arms. 
The fact of finding distinct abnormal electrical reactions in 
one ulnar nerve, with the muscles it supplied, and the remain- 
der of the body being intact, proved the lesion to be a local 
one, and confined to the nerve in question. 

4. Electrical Reactions in a douhtfuZ case of m^onoplegia sup- 
posed to be due to injury, but proved to be the result of progres- 
sive muscular atrophy, — Case LY. — A. B., 88t. 60, male, farm 
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labourer. The patient states that two months ago he was in 
good health, when he accidentally fell on a pitch- fork, a prong 
of which passed through the fleshy part of his upper arm 
near the axilla. He remained under the care of a local 
Burgeon for some weeks, during which time he kept his arm in 
a sling, and affcer which the wound gradually healed. After 
this had taken place, the arm and hand remained weak, and 
got thinner, so that he came to London for advice. 

On examination the general health was good. There was 
considerable paresis of the left upper extremity, from the 
shoulder downwards. The muscles were somewhat thin and 
flabby, and those of the hand were distinctly atrophied. 
There was no loss of sensibility. The right arm and re- 
mainder of the body appeared normal. 

Electrical Reactions. — With both currents the nerve-trunks 
of the left upper extremity were normal, and the same as on 
the other side. Galvanism applied direct to the muscles of 
the left shoulder and arm caused vigorous contractions, if 
anything, slightly more marked on the paralysed side, and 
A.C.C.=C.C.C. The same reactions were discovered in the 
muscles of the apparently healthy right hand, and here also 
the A.C.C. was found considerably increased. 

Several physicians and surgeons whom this man consulted 
came somewhat naturally to the conclusion, that the accident 
had, in some way, injured the nerves of the brachial plexus, 
and had, in consequence, induced the paresis and wasting of 
the left limb. In short, they considered the case one of 
traumatic peripheral paralysis. Electrical investigation, how- 
ever, demonstrated that the nerve trunks were perfectly 
healthy ; it showed marked alteration of the muscular struc- 
ture of the affected extremity, and finally it indicated, in 
what was apparently a healthy Hmb, that this was under- 
going incipient disease, as yet too slight to interfere with 
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fanction. The result arrived at from the investigation was, 
that the patient was suffering from chronic progressive 
muscular atrophy in both upper extremities : that the acci- 
dent had directed attention to his left arm in which the 
disease was frirthest advanced, and that he attributed the loss 
of function to what was, in reality, an accidental complication 
of an already existing degeneration. This diagnosis was 
subsequently proved to be correct by the after progress of the 
case. 

5. Electrical Reactions in a case of doxMe facial paralysis 
of cerebral origin on one side, and peripheral on the other, 
occurring in the same individual^ and showing the distinctive 
differences of response, — Case V. was that of a man who, 
among other disorders suffered from almost complete paraly- 
sis of both sides of the face. The electrical reactions on one 
side were healthy, while those on the other presented all the 
typical signs of nerve and muscle degeneration. This 
indicated that the former was probably of cerebral, and the 
latter of peripheral origin. The diagnosis made was, that 
there was a growth on one side of the brain, causing, by 
direct pressure, paralysis of the facial nerve on the same 
side, and by interference of voluntary transmission, induc- 
ing immobility of the face on the other side. 

6. Electrical Reactions in a case of supposed bulbar paralysis , 
proving it to be one of peripheral paralysis, — Case LVI. — ^A. S., 
SBt. 54, female, housewife. The patient states that she was 
quite well till six months ago. Then she began to suffer 
from general malaise and muscular weakness. . This was 
accompanied with hesitation in her speech and dribbling of 
saHva from her mouth. These symptoms have continued 
very gradually to increase, till the present time. 

On examination, the patient is a delicate, nervous woman. 
She complains of great general debility, so much so that she 
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is unable to perform her ordinary honsehold duties. There 
is, however, no actual paralysis, of the limbs. The special 
senses are normal and the inteUigence appears intact. At 
rest, the face is not observedly altered, except that it is ex- 
pressionless, and the lower Hp hangs downward leaving the 
month open. On movement the under parts, especially those 
about the lips and chin, are distinctly defective in action, and 
are drawn slightly to the right side. Food collects in the 
cheeks, and the saliva frequently dribbles from the comers of 
the mouth. There is also some difficulty of mastication. 
The speech is slightly thick and mumbling. The movements 
of the tongue are deficient, and it is pushed over to the left 
side. There is no difficulty in swallowing. There is no 
apparent wasting of the face. The left side of the 
tongue is distinctly atrophied, it is twisted, puckered, and 
covered with deep furrows. The right side looks normal. 

Electrical Reactions. — ^Faradism to the nerve trunks of the 
face indicates diminution, but not total loss, of response, 
especially on the right side. Applied directly to the facial 
muscles a very strong current is required to cause contrac- 
tions. The right side of the tongue is also very sluggish in 
reacting, and on the left there is no response whatever to 
the induced current. Galvanism to the Facial nerve trunks 
also indicates deficient reaction, but when applied to the mus- 
cles themselves the responses are vigorous, somewhat pro- 
longed, and A.C.C.= CO. C. The continuous current to the 
right side of the tongue causes apparently normal reactions. 
On the left side they are comparatively increased, prolonged, 
andA.C.C. = C.C.C. 

This case had visited many hospitals and seen many physi- 
cians, and the general opinion expressed was that the patient 
suffered from bulbar paralysis. This view I shared before 
applying electrical tests. Then, however, it was found that 
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these exhibited the reactions usually associated with Peri- 
pheral nerve paralysis, instead of the muscular degeneration 
alone, ordinarily met with in bulbar paralysis. But the 
question arose, how could disease primarily attack the 
facial and hypoglossal trunks on both sides, and ap- 
parently these nerves only? A post-m6rtem examination, 
however, solved the problem. It was then found that the 
pons and medulla were healthy, the facial and hypoglossal 
nerves were atrophied, the former chiefly on the right, and 
the latter most on the left side. These conditions were the 
result of pressure from extensive disease of the bones at the 
base of the skull, involving the foramina through which these 
nervous trunks passed. It is not asserted that in this case 
the exact diagnosis was determined or expressed before death. 
In spite of the similitude of the symptoms to a central lesion, 
the peripheral nature of the electrical reactions were recog- 
nised, but the symmetrical character of the affection did not 
seem to be explained. In the face of this doubtful problem 
an opinion was postponed, as it was not thought advisable to 
place these electrical phenomena alone, against all the other 
probabilities of the case. As the facts, however, turned out, 
if a verdict of peripheral paralysis on both sides had been 
pronounced, in accordance with the reactions obtained, in 
spite of its apparent impossibility, it would have been correct. 
7. Electrical Reactions in a case of extreme irritability of the 
spinal cord, shomng abnormal reflex responses, — Case XLIV. was 
that of a young woman almost totally paralysed in her lower 
extremities. When the electric current was applied to any 
of the affected nerves, not only were tiiere violent general 
movements of the various muscles of the same leg, but 
marked contractions ensued in those of the opposite limb. 
This indicated great general hyper-excitabiUty, and more es- 
pecially of the grey matter of the spinal cord. 
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8, Electrical Reactions in a case of supppsed progressive muscular 
atrophy proved to be simple emaciation. Case LIII. was a man 
sent into the hospital as an instance of progressive muscular 
atrophy, and his condition at first sight might easily have been 
mistaken for that disease. On electrical examination of the 
muscles they were all found healthy, and this with the general 
circumstances of the case, suggested the diagnosis of simple 
atrophy from emaciation as a result of inanition. This was 
subsequently found to be correct, as after a residence of a few 
weeks in the hospital, the patient completely recovered. 

9. Electrical Reactions in a case of supposed simple emanation y 
the wasting proved to be due to progressive muscular atrophy. 
Case XVI. strongly contrasts with the last one cited. It is 
that of a man who was admitted into the hospital suffering 
from general debility. He was perfectly healthy tiU six 
months before, when he was seized with violent vomiting. 
This continued for some months, so that, being unable to re. 
tain the larger part of his food, he became very weak, and 
lost two or three stones in weight. He was sent into the 
hospital as a case of dyspepsia and inanition. On examina- 
tion, the patient was found generally much emaciated, there 
was no apparent special wasting of any individual muscle, 
and although aU his limbs were extremely feeble, no special 
paralysis could be demonstrated. On electrical investigation 
the nerve trunks throughout the body was found normal, so 
also was the action of the faradic current when applied 
directly to the muscles. The galvanic current, however, in- 
dicated marked reaction of degeneration in several of the 
muscles of both arms, especially those on the left side, some 

• 

of them being increased quantitatively, with the anodal ex- 
ceeding the cathodal closure contraction. This led to the 
diagnosis of incipient progressive muscular atrophy, which 
was so far justified by the result, that although the patient 

M 
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remained a considerable time in the hospital under the best 
circumstances, his malady continued to progress. In this 
case the electrical reactions discovered and established a 
diagnosis which, without their aid, could scarcely have been 
even surmised. 

10. Electrical Reactions found abnormal in the muscles of a 
house painter J before there were any other objective symptoms of 
disease, — Case XLV. was that of a house painter who ap- 
peared at the hospital, as an out-door patient, suffering from 
trifling and indefinite dyspeptic symptoms, but without a 
suspicion or trace of paralysis. The nature of his occupation 
suggested lead poisoning of which, however, there were no 
typical symptoms. Electrical tests applied to the extensors 
of the hands and fingers, demonstrated a commencing de- 
generation of the muscles, although there was no loss of 
function, thus establishing the otherwise doubtful diagnosis 
of saturnine poisoning. The subsequent progress of the case 
further demonstrated this fact. 

11. Electrical Reactions in a case of supposed hysterical 
paralysiSf proving to be chronic poliomyelitis anterior, — Case 
LYII. — M. S., aBt. 21, female. The patient states that she has 
always been in good general health. She has been occasion- 
ally nervous and hysterical, but has had no definite com- 
plaints. Seven months ago she suddenly became blind of the 
left eye, but from this, in a few weeks, she completely recovered. 
Shortly after this she noticed, for the first time, weakness in 
the left leg, and this has remained and increased up to the 
present time. For some weeks past, in addition, she has 
experienced a sensation of numbness in the left hand, but 
without apparent paresis. 

At present the patient is a perfectly healthy-looking person. 
All the functions and organs are healthy. She can walk, but 
is very lame with the left leg. The foot is turned inwards, 
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and the toes drag along the ground. When the limb is 
raised, the extension of the foot and toes is yery weak and 
imperfect. The movements of the knee, and other joints, 
appear normal. There is no marked atrophy, and the 
remainder of the body is healthy. 

Electrieal Reactions, — Faradism applied to the left external 
popliteal nerve shows very great diminution of response, as 
compared to the other side, and requires a much stronger 
current to produce muscular contractions. The other nerve 
trunks are normal. Direct to the muscles of the left leg 
there is slight comparative diminution to all, but to the ex- 
tensors of the foot and toes the contractibility is almost en- 
tirely abolished, with the strongest current. Galvanism to 
the external popliteal nerve, shows great diminution of re- 
sponse, and to the extensor muscles of the foot and toes there 
is also considerable diminution of reaction, the A.C.C. = C.C.C. 
and the contractions are slow and tonic. The other muscles 
of the leg, as well as all those of the other limb, are normal. 
On testing the arms, all the nerves and muscles are found 
healthy except the extensor carpi ulnaris, in which the ex- 
citability to faradism is almost abolished, and that to gal- 
vanism is increased, the A.C.C. = C.C.C. 

This young lady had been under the care of several medi- 
cal men, who unanimously pronounced her disease to be 
* Hysterical,' and she was treated accordingly. The above in- 
vestigations seem to have established the fact, that whatever 
the word hysterical may mean, this was a case of chronic 
organic disease, and probably of the anterior comua of the 
cord, as we find degeneration of both nerve and muscle. A 
year afterwards the disease had considerably advanced. 

12. Electrical Reactions in a case of supposed feigned paralysis^ 
proving to be Poliomyelitis anterior acuta. — Case XXV., was 
that of a young lady who was supposed by all her Mends and 

m2 
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relations to be wilfully shamming, and was treated by them 
with great harshness, and by several of the leading physicians 
in London was said to be suffering from hysteria. The fact 
of finding extensive and severe degeneration of both nerve 
and muscle, demonstrated the existence of organic disease. 
The diagnosis made was acute poliomyelitis anterior, and 
the prognosis advanced was unfavourable. This has been 
so far established, that two years afterwards the patient 
could not stand, and the atrophy of both lower extremities 
has so increased as now to leave no doubt as to the serious 
and organic nature of the lesion. 

18. Electrical Reactions in the case of a patient demanding 
damages after a railway accident ^ proving under suspicious circum- 
stances the claims to have been a genuine one, — Case LIV., was that 
of a gentleman, who, under peculiar and suspicious circum- 
stances, claimed heavy damages after a railway accident. 
There were absolutely no objective symptoms in the case, 
except the electrical reactions, by which degeneration of cer- 
tain nerves and muscles was established. This proof of 
organic disease was the chief means of convincing a jury to 
award, as the plaintiff deserved, substantial damages. 

The above cases have been cited as illustrations of how 
electric tests alone have practically established the diagnosis 
with a certainty and accuracy which could scarcely have been 
determined by any other method. Such instances, although 
of the highest importance, are comparatively rare ; but in the 
large majority of cases of paralysis, electricity, if not abso- 
lutely essential to the forming of a diagnosis, is the means of 
giving it a facility and precision which has become indis- 
pensable to the neurologist. 

It was originally my intention to have formulated a table 
in which the electrical reactions were to be drawn up in 



^. 
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order, with their eqmyalents in the different forms of para- 
lysis. Such, however, would I believe be unscientific if not 
impossible, for as it has been already stated we cannot de- 
pend upon physical phenomena alone, but must rely on our 
general information. As a crepitation heard over the chest 
by a stethoscope does not by itself diagnose any particular 
disease, but only demonstrates a physical condition, which, 
in conjunction with other symptoms and signs enables us to 
arrive at the anatomical state of the lung ; so electrical tests 
do not specify any form of paralysis, but only indicate certain 
conditions from which we may infer the morbid lesion. At 
the same time while submitting that the real value of the 
enquiry is only to be gained from a complete knowledge of 
the subject, certain generalizations can be drawn which may 
prove useful for the guidance of the student. 

General Principles in the Electro-Diaonosis of Paralysis. 

In a given paralysis, if the electrical reactions are perfectly 
normal, we may conclude, subject to the limitations already 
detailed, that it originates in an affection either of the brain 
or of the white columns of the cord. This distinguishes it 
from paralysis due to degeneration of the grey matter, or of 
the peripheral nerves. Paralysis from cerebral disease is 
usually hemiplegic, and from a spinal lesion, paraplegic in 
character, which constitutes a general distinction between the 
two. In irregular forms of loss of voluntary motion, such as 
in cross paralysis, or in paresis of one limb, in either case 
dependant on disease of the brain, or of the white columns 
of the cord ; the difference is not to be made out by electric 
tests, as in both cases these would be normal. Hence such 
would have to be determined by the general symptoms, a 
matter often of great dif&culty. Fortunately paralysis of a 
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single limb from affection of the columns of the cord is ex- 
tremely rare. 

When the responses to electricity are greatly increased it 
indicates hyper-excitability of the nervous system, and when, 
in addition, reflex muscular contractions are produced in 
various parts of the body by stimulation of a nerve in the 
paralysed parts, it is further evidence of great irritability of 
ihe spinal cord, almost, if not quite, amounting to organic 
disease. 

Abnormal electrical reactions, especially if combined with 
qualitative changes, are evidence of disease, either of the grey 
matter of the cord, or of the peripheral nerves. If these 
occur in the form of complete paraplegia, the certainty is 
that the cord is at fault ; but if conflned to the branches and 
muscles of a single nerve-trunk, the probability is that the 
lesion is one of peripheral origin. If one extremity or por- 
tion of an extremity is affected, the diagnosis is more difficult. 
In such a case the distribution of the paralysis is of great 
importance. When a limb has lost its' power of motion as a 
result of disease of the cordj the abnormal electrical reponses 
may exist in one of three ways. («). They may be uniformly 
distributed throughout the entire paralysed member, all the 
muscles being equally affected. This takes place in gross 
lesions involving a mass of the structure of the cord. (6). 
They may be distributed only to certain muscles forming 
physiological groups, irrespective of their nervous supply. 
For example, all the flexors of a limb, or its extensors, may 
present abnormal reactions, although they receive their nu- 
tritive influences from different sources. This occurs in 
chronic affections of the multipolar cells of the anterior cor- 
nua ; and (c). Their distribution may be perfectly irregular, 
affecting the muscles neither in anatomical nor physiological 
groups. This often follows acute inflammation of the grey 
matter. 
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On the other hand, in peripheral paralysis, we never find 
either the entire limb, or physiological or irregular groups of 
museles, presenting signs of degeneration; but these are 
distributed according to anatomical relations — ^in other words, 
to those structures only, which receive their nervous supply 
from a special nerve trunk, totally irrespective of their 
function. 

Hence, in limited paralysis, the great distinction between 
those originating in the cord, or in a peripheral nerve lesion, 
is that in the former the limb is uniformly affected, or its 
muscles are attacked in physiological or in irregular groups, 
while in the latter they are affected according to their 
anatomical distribution. 

Electrical phenomena also enable us to distinguish between 
the different varieties of paralysis arising from disease of the 
grey matter of the cord. If these, when abnormal, are uniform, 
and extend over an entire limb, we may conclude that the 
lesion is gross, i.e., occupying a mass of its substance, as 
in myelitis. If they are confined to certain physiological 
groups of muscles, the disease has generally been chronic, 
and implicates the multipolar cells of the anterior comua, as 
in progressive muscular atrophy. And finally, if the degen- 
ated muscles are attacked in an irregular manner, neither 
according to distribution or function, the disease has usually 
been the result of an acute inflammation of the anterior 
comua, which has destroyed some of the nutritive centres, 
and left others intact, as in poliomyelitis anterior acuta. 

Again, the electrical reactions may demonstrate degenera- 
tion of both nerve and muscle, which, if acute, is evidence of 
infantile paralysis, and if chronic, of disease of the grey 
matter en masse as in myelitis. They may also indicate 
disease of muscle with healthy nerve, which occurs in chronic 
lesions attacking the nutritive centres of the muscle only, 
as in bulbar paralysis. If nerve is found deficient in re- 
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sponse, and muscle normal, it shows alteration in the former, 
the latter remaining intact, as is sometimes seen in the early 
stage of infantile paralysis. 

In cases of limited disease of the grey matter, where the 
lesion is confined to one or more foci, as in the so-called 
mixed, or indiscriminate forms of paralysis, the distribution 
of the abnormal electrical reactions gives an index to the 
amount, extent, and position of the cord degeneration. For 
example, in Case XXXI., a zone of reaction of degeneration 
existed round the waist of the patient, with normal pheno- 
mena above and below. This, accompanied as it was with 
complete paraplegia and anaesthesia, indicated that a limited 
segment in the upper dorsal region was seriously diseased, and 
that the structure of the cord was elsewhere normal. If 
irregular patches of grey matter are similarly affected, sufficient 
to interfere with the nutrition of one or more of the an- 
terior roots, the electrical reactions will indicate a correspond- 
ing change at the peripheral parts. 

Such general considerations concerning limited electrical 
abnormalities as a result of disease of the grey matter of the 
cord, will usually enable us to distinguish them from one 
another, or from lesions of the peripheral nerves. 

In peripheral paralysis, the electrical conditions indicate 
with exactitude, the extent and distribution of the disease. 
Paralysis with normal reactions is evidence of a shght and 
temporary form, the prognosis of which is favourable, suffi- 
cient changes having occurred to modify the transmission of 
voluntary impulses, but not to affect the nutrition of either 
nerve or muscle. Loss of response to the nerve trunks, with 
either current, points to nerve alteration, and this in pro- 
portion to its diminution of action. Loss of response with 
faradism to the muscle, indicates changes in the intra-muscular 
nerves, without necessary alteration of the fibres themselves. 
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Loss of response with galvanism to the muscle, shows 
modification or destruction of the muscular tissue, and this 
in proportion to the physical changes induced. The various 
shades and differences observed in cases of peripheral 
paralysis have already been described. 

Cases occasionally come under notice in which there is 
little or no paralysis, and where there are no objective 
symptoms whatever. In these, early degenerations may 
sometimes be detected by electrical tests, before there are 
any definite symptoms, as was seen in Cases XV., XVI., XL V, 
and LV. Even when there is suspicion of disease, it may not 
be readily detected, and the existence of electrical change is a 
physical fact which, if demonstrated, establishes an other- 
wise doubtful diagnosis. Before sufficiently marked altera- 
tions have ensued to enable us accurately to measure and 
compute their locality or distribution, this may frequently be 
done with considerable accuracy by the same method. 

Thus far, we may generalise with safety on the subject of 
electricity in diagnosis : to lay down more strict definitions 
would be too arbitrary. Doubtless, instances will occasionally 
arise, when all our means of investigation combined, fail to 
determine the true nature of the lesion. We can only hope 
that as our means of research improve, these mysteries will, 
in the future, be solved, and that the art of electro-diagnosis, 
although as yet in its infancy, may, by further development, 
constitute one of the means to this end. 



Genebal Summary of the Electrical Eeactions in Paralysis, 

1. In paralysis, when the affected nerves and muscles 
display normal electrical reactions, it indicates that their 
structure is anatomically healthy. 

2. Quantitative increase of response with either current 
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to nervey indicates augmented excitability of its substance. 
This may be due — a. to an irritative lesion — b, to absence 
of the inhibitory action of the brain. 

8. This increased excitability is usually sHght in degree 
and temporary in duration, except in certain chronic irrita- 
tive lesions of the white columns of the cord, when it may 
be more permanent. 

4. Quantitative increase of response with tho faradic 
current to muscle^ indicates increased excitability of the 
intra-muscular nerves, due to the same causes as in No. 2. 

6. Increase of response with the galvanic current to muscle 
may occur under two circumstances — a. when the nerve trunk 
is not diseased, in which case it indicates hyper- excitabihty of 
its intra-muscular branches — h, when the nerve is degen- 
erated, which is evidence of commencing alteration in the 
nutrition of the muscle, as a result of the removal of nervous 
influence. 

6. Eeflex contractions of muscles in different parts of the 
same limb, or in other parts of the body, following the 
electric stimulus of any special nerve, without any necessary 
quahtative change, indicates extreme hyper- excitability of 
the grey matter of the spinal cord. 

7. Quantitative diminution of response with either current 
to nervey indicates alteration in its anatomical structure. The 
amount of decrease is in proportion to the degeneration of 
tissue, and when electrical action is abolished, the nerve may 
be considered as totally destroyed. 

8. Quantitative diminution yfiih faradism to muscle indicates 
changes in the anatomical structure of the intra-muscular 
nerves, and the decrease is in proportion to the amount of 
tissue alteration. 

9. Diminution with galvanism to muscle always indicates 
degeneration of its substance, and bears a relation to the 
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amount of the change, and this may occur with or without 
disease of the nerve. 

10. Qualitative changes in muscle always indicate histo- 
logical alterations in its fihres. There is no apparent 
proportion between the relation of one pole of the battery 
to the other, and the amount of anatomical change. The 
anodal contraction being increased, points to degenerative 
modifications. 

11. Qualitative alterations in muscle may occur indepen- 
dently of disease of nerve, which may or may not be 
destroyed. 

12. In paralysis £rom cerebral disease, it is the rule for 
the affected nerves and muscles to present normal electrical 
reactions, thus distinguishing it from paralysis due to disease 
of the grey matter of the cord, and of the peripheral nerves. 

18. In cerebral paralysis there may be sHght quantitative, 
but there are never quahtative changes. SHght increase of re- 
sponse being due either to an irritating lesion, or to a severance 
of the inhibitory influence ; and slight diminution being caused 
by disuse of the muscles, or secondary degeneration of the 
nerves. 

14. In paralysis from disease of the white columns of the 
cord, the electrical reactions are also normal, and present the 

e 

same phenomena as in nos. 12 and 13. This distinguishes a 
lesion of the anterior, lateral, or posterior columns, from dis- 
ease of the grey matter of the cord, or from peripheral para- 
lysis. 

15. The distinction between paralysis from brain lesion, 
and paralysis from, disease of the white columns of the cord, 
cannot be detected electrically, as both are normal, but the 
distribution of the symptoms leaves httle dif&culty in diag- 
nosis. 

16. Abnormal quantitative and quahtative reactions al- 
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ways accompany diseases of the anterior comua of the cord, 
thns distinguishing the paralysis which ensues from that 
resulting from, disease of the brain or white columns. 

17. The electrical reactions in loss of motion from disease 
of the grey matter of the cord, although the same in kind, i^ 
distinguished from peripheral paralysis, by the difference of 
its distribution. 

18. In paralysis from degeneration of the anterior comua 
of the cord, the abnormal electrical reactions may be distri- 
buted in three ways : — a. They may extend universally 
throughout a limb, which indicates that the disease of the 
centre is en masse, b. They may be confined to certain 
groups of muscles which act in physiological concert, irre- 
spective of nerve supply, pointing to chronic degeneration of 
the multipolar cells ; and c. They may attack the muscles 
in an irregular manner, which is usually associated with an 
acute inflammatory invasion. 

19. Quantitative and qualitative changes also occur in 
lesions of a peripheral nerve. These are to be distinguished 
from those associated with disease of the anterior cornua o^ 
the cord, by the fact of their being confined to the nerve and 
the muscles it supplies. The distribution of the paralysis is 
therefore anatomical, rather than physiological. 

20. In disease of the anterior comua, the electrical reac- 
tions may present three forms, a. The nerve only is de- 
generated, b. The muscle only is altered; and c. Both 
nerve and muscle are changed. Each of these show different 
clinical features, and constitute a different 'disorder. 

21. In peripheral paralysis, the extent, degree, and char- 
acter of the electrical reactions to nerve and muscle, give 
exact indication of their histological condition. 
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P. CAZEAUX. 

Adjunct Professor in the Faculty of Medicine of Paris^ &c. 

A THEORETICAL AND PRACTICAL TREATISE ON 

MIDWIFERY INCLUDING THE DISEASES OF PREGNANCY 
AND PARTURITION. Revised and Annotated by S. Tarnier. 
Translated from the Seventh French Edition by W. R. Bullock, M.D. 
Royal 8vo, over iioo pages, 175 Illustrations, 30s. 



JOHN COCKLE, m.a., m.d. 

Physician to the Royal Free Hospital, 

ON INTRA-THORACIC CANCER, 8vo, 4s. ed. 



W. H. CORFIELD, m.a., m.d. oxon. 

Professor of Hygiene and Public Health in University College, London. 

DWELLING HOUSES: their sanitary oonstruotion 

and arrangements. With 16 pages of illustrations, crown 8vo, 3s. 6d. 



J. THOMPSON DICKSON, m.a., m.b. cantab. 

Late Lecturer on Mental Diseases at Guy*s Hospital. 

THE SCIENCE AND PRACTICE OF MEDICINE IN 

RELATION TO MIND, the Pathology of the Nerve Centres, and the 
Jurisprudence of Insanity, being a course of Lectures delivered at Guy's 
Hospital. Illustrated by Chromo-lithographic Drawings and Physiolo- 
gical Portraits. 8vo, 14s. 



HORACE DOBELL, m.d. 
Consulting Physician to the Royal Hospital for Diseases 0/ the Chesty &c, 

I. 

ON DIET AND REGIMEN IN SICKNESS AND 

HEALTH, and on the Interdependence and Prevention of Diseases and 
the Diminution of their Fatality. Seventh edition, Svo, los. 6d. 

n. 

AFFECTIONS OP THE HEART AND IN ITS NEIGH- 
BOURHOOD. Cases, Aphorisms, and Commentaries. Illustrated by 
the heliotype process. Svo, 6s 6d. 



JOHN EAGLE. 

Member of the Pharmaceutical Society, 



A NOTE-BOOK OF SOLUBILITIES. Arranged chiefly 

for the use of Prescribers and Dispensers. i2mo, 2S. 6d. 
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JOHN ERIC ERICHSEN. 

Holme Profeiitif of Clinical Surgery in University College ; Senior Surgeon to University 

College Hospital, &c. 

MODERN SURGERY; Its Progress and Tendencies. 

Being the Introductory Address delivered at University College at the 
opening of the Session 1873-74. Demy 8vo, is. 



DR. FERBER. 

MODEL DIAGRAM OF THE ORGANS IN THE 

THORAX AND UPPER PART OF THE ABDOMEN. With 
Letter-press Description. In 4to, coloured, 5s. 



AUSTIN FLINT, jr., m.d. 

Pfofessorof Physiology atuL Physiological Anatomy in the Bellevue Medical College, New 
York ; attending Physician to the Bellevue Hospital, &c. 

I. 

A TEXT-BOOK OP HUMAN PHYSIOLOGY; De- 
signed for the Use of Practitioners and Students of Medicine. Illus- 
trated by plates, and 313 wood engravings, large Svo, 28s. 

II. 

THE PHYSIOLOGY OP MAN; Designed to Represent 

the Existing State of Physiological Science, as applied to the Functions 
of the Human Body. 5 vols., large 8vo, cloth. Vol. I. — The Blood ; 
Circulation ; Respiration. i8s. Vol. II. — Alimentation ; Digestion ; 
Absorption ; Lymph and Chyle. i8s. Vol. III. — Secretion ; Excretion ; 
Ductless Glands; Nutrition; Animal Heat; Movements; Voice and 
Speech. i8s. Vol. IV. — The Nervous System. i8s. Vol. V. — Special 
Senses ; Generation. 18s. 



J. MILNER FOTHERGILL, m.d. 

Member of the Royal College of Physicians of London; Senwr Assistant Physician to the 
West London Hospital, and to the City of London Hospital for Diseases 

of the Chest, Victoria Park, &c. 

I. 

THE HEART AND ITS DISEASES, WITH THEIR 

TREATMENT; INCLUDING THE GOUTY HEART. Second 

Edition, entirely re-written, copiously illustrated with woodcuts and 

lithographic plates. 8vo. i6s. 

II. 

INDIGESTION, BILIOUSNESS, AND GOUT IN ITS 

PROTEAN ASPECTS. 

Part I.— INDIGESTION AND BILIOUSNESS. Post Svo, 78. 6d. 

{Now ready. 

Part II.— GOUT IN ITS PROTEAN ASPECTS. [/» Preparation, 

III. 

HEART STARVATION. (Reprinted from the Edinburgh 

Medical Journal), 8vo, is. 
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ERNEST FRANCIS, f.c.s. 
Demonstrator of Practical Chemistry ^ Charing Cross Hospital, 

PRACTICAL EXAMPLES IN QUANTITATIVE AN- 

alysis, forming a Concise Guide to the Analysis of Water, &c» Illus- 
trated, fcap. 8vo, 2s. 6d. 



HENEAGE GIBBES, m.d. 
Curator of the Anatomical Museum at King's College, 

PRACTICAL HISTOLOGY AND PATHOLOGY. 

Crown 8vo, 3s. 6d, 

C. A. GORDON, M.D., c.B. 

Deputy Inspector General of Hospitals, Army MetUcal Department. 

REMARKS ON ARMY SURGEONS AND THEIR 

WORKS. Demy 8vo, 5s. 



SAMUEL. D. GROSS, m.d., ll.d., d.c.l., oxon. 

Professor of Surgery in the Jefferson Medical College of Philadelphia, 

A PRACTICAL TREATISE ON THE DISEASES, IN- 
JURIES, AND MALFORMATIONS OF THE URINARY 
BLADDER, THE PROSTATE GLAND; AND THE URETHRA. 
Third Edition, revised and edited by S. W. GROSS, A.M., M.D., 
Surgeon to the Philadelphia Hospital, Illustrated by 170 engravings, 
8vo, 1 8s. 



SAMUEL V^. GROSS, a.m., m.d. 

Surgeon to, and Lecturer on Clinical Surgery in, the Jefferson Medical Collegg Hospital^ 

and the Philadelphia Hospital, &c, 

A PRACTICAL TREATISE ON TUMOURS OP THE 

MAMMARY GLAND : embracing their Histology, Pathology, Dia- 
gnosis, and Treatment. With Illustrations, 8vo, los. 6d. 



^A/'ILLIAM A. HAMMOND, m.d. 

Professor of Mental and Nervous Diseases in the Medical Department of the University oj 

the City of New York, &c, 

I. 

A TREATISE ON THE DISEASES OF THE NERVOUS 

SYSTEM. Seventh edition, with 112 Illustrations, large 8vo, 25s. 

lyust published. 

SPIRITUALISM AND ALLIED CAUSES AND CON- 
DITIONS OF NERVOUS DERANGEMENT. With lUustratioM, 
post 8vo, 8s. 6d. 
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ALEXANDER HARVEY, m.a., m.d. 

Bnuritus Professor of Materia Medica in the University of Aberdeen; Consulting Physician 

to the Aberdeen Royal Infirmary ^ &c. 

FIRST LINES OF THEBAPETJTICS ; as based on the 

Modes and the Processes of Healing, as occurring Spontaneously in Dis- 
ease; and on the Modes and the Processes of Dying, as resulting 
Naturally from Disease. In a series of Lectures. Post 8vo, 5s. 



ALEXANDER HARVEY, m.d. 

Emeritus Professor of Materia Medica in the University of Aberdeen, &e. 

ALEXANDER DYCE DAVIDSON, m.d. 
Professor of Materia Medica in the University of Aberdeen. 

SYLLABUS OF MATEBIA MEDICA FOB THE USE 

OF TEACHERS AND STUDENTS. Based on a selection or 
definition of subjects in teaching and examining; and also on an 
estimate of the relative values of articles and preparations in the British 
Pharmacopoeia with doses affixed. Fourth Edition, i6mo, is. 6d. 



GRAILY HE\VITT, m.d. 

Pfofessof of Midwifery and Diseases of Women in University College, Obstetrical Physician 

to University College Hospital, &c, 

OUTLINED OF FICTOBIAL DIAGNOSIS OF DIS- 
EASES OF WOMEN. Fol. 6s. 



HINTS TO CANDIDATES FOB COMMISSIONS IN 

THE PUBLIC MEDICAL SERVICES, WITH EXAMINATION 
QUESTIONS, VOCABULARY OF HINDUSTANI MEDICAL 
TERMS, ETC. 8vo, 2S. 



F. HOFFMANN, ph.d. 

Pharmaceutist in New York, 

MANTJAI. OF CHEMICAL ANALYSIS AS APPLIED 

TO THE EXAMINATION OF MEDICINAL CHEMICALS. A 
Guide for the Determination of their Identity and Quality, and for the 
Detection of Impurities and Adulterations. For the use of Pharmaceu- 
tists, Physicians, Druggists, and Manufacturing Chemists, and of Phar- 
maceutical and Medical Students. With Illustrations, roy. 8vo, 12s. 
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E. HOLLAND, m.d., f.r.c.s. 

HEALTH IN THE NUBSBBY AND HOW TO PEED 

AND CLOTHE A CHILD, with Observations on Painless Parturi- 
tion. A Guide and Companion for the Young Matron and her Nurse. 
Second Edition. Fcap. 8vo, 2s., paper cover is. 



SIR W, JENNER, Bart., m.d. 

Physician in Ordinary to H.M. the Queens and to HJt.H, Prince oj Wales, 

THE PRACTICAL MEDICINE OP TO-DAY: Two 

Addresses delivered before the British Medical Association, and the 
Epidemiological Society. Small 8vo, is. 6d. 



NORMAN W. KINGSLEY, m.d.s., d.d.s. 
President of the Board of Censors of the State of New York; Member of the American 

A cademy of Dental Science, &c. 

A TREATISE ON ORAL DEPORMITIES AS A 

BRANCH OF MECHANICAL SURGERY. With over 350 Illustra- 
tions, 8vo, i6s. 



E. A. KIRBY, M.D., M.R.c.s. eng. 

Late Physician to the City Dispensary. 

A FORMULARY OP SELECTED REMEDIES WITH 

THERAPEUTIC ANNOTATIONS, and a Copious Index of Diseases 
and Remedies, Diet Tables, etc. A Handbook for Prescribers. Fifth 
Edition, p. Svo, 3s. 6d. 

ON THE VALUE OP PHOSPHORUS AS A 

REMEDY FOR LOSS OF NERVE POWER. Fifth Edition, Svo, 
2S. 6d. 



J. ^A/^ICKHAM LEGG, p.r.c.p. 

Assistant Physician to Saint Bartholomew's Hospital, and Lecturer on Pathological 

Anatomy in the Medical School, 

I. 

ON THE BILE, JAUNDICE, AND BILIOUS DISEASES. 

With Illustrations in chromo-Iithography, 719 pages, roy. Svo, 25s. 

II. 
A GUIDE TO THE EXAMINATION OP THE URINE ; 

intended chiefly for Clincal Clerks and Students. Fifth Edition, revised 
and enlarged, with additional Illustrations, fcap. Svo, 2S. 6d. 

III. 
A TREATISE ON HiEMOPHILIA, SOMETIMES 

CALLED THE HEREDITARY HiEMORRHAGIC DIATHESIS 
Fcap. 4to, 7s. 6d. 
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DR. GEORGE LEWIN. 

Professcr at the Ft. With. University, and Surgeon-in-Chief of the Syphilitic Wards and 

Skin Disease Wards of the Chariti Hospital^ Berlin, 

THE TREATMENT OP SYPHILIS WITH SUBCUTA- 
NEOUS SUBLIMATE INJECTIONS. Translated by Dr. Carl 
Probgle, and Dr. E. H. Gale, late Surgeon United States Anny. 
Small 8vo, 7s. 



J. S. LOMBARD, m.d. 

Formerly Assistant Professor of Physiology in Harvard College. 

I. 

EXPEBIMENTAL BESEABCHES ON THE BEGIONAL 

TEMPERATURE OF THE HEAD, under Conditions of Rest, In- 
tellectual Activity and Emotion. With Illustrations, 8vo, 8s. 

II. 

ON THE NOBMAL TEMPEBATUBE OP THE HEAD. 

8vo, 5s. 



WILLIAM THOMPSON LUSK, a.m., m.d. 

Professor of Obstetrics and Diseases of Women in the BeUevue Hospital Medical College, &c. 

THE SCIENCE AND ABT OP MIDWIPEBY. With 
numerous Illustrations, 8vo, i8s. 



DR. V. MAGNAN. 
Physician to St, Anne Asylum, Paris; Laureate of the Institute. 

ON AIiCOHOLISM, the Various Porms of Alcoholic 

Delirium and their Treatment. Translated by W. S. Greenfield, 
M.D., M.R.C.P. 8vo, 7s. 6d. 



PROFESSOR MARTIN. 



MABTIN'S ATLAS OP OBSTETBICS AND GYNiECO- 
LOGY. Edited by A. Martin, Docent in the University of Berlin. 
Translated and edited with additions by Fancourt Barnes, M.D., 
M.R.C.P., Physician to the British Lying-in Hospital ; Assistant Phy- 
sician to the Chelsea Hospital for Women, and to the Royal Maternity 
Charity of London, &c. Medium 4to, Morocco half bound, 31s. 6d. net. 



J. F. MEIGS, M.D. 
Consulting Physician to the Children's Hospital, Philadelphia. 

W. PEPPER, M.D. 

Lecturer on Clinical Medicine in the University of Pennsylvania, 

A FBACTICAL TBEATISE ON THE DISEASES OP 

CHILDREN. Seventh Edition, revised and enlarged, roy. 8vo, 28s. 
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DR. MORITZ MEYER. 

Royal Counsellor of Health, &c. 

ELECTRICITY IN ITS BELATION TO PRACTICAL 

MEDICINE. Translated from the Third German Edition, with notes 
and additions by William A. Hammond, M.D. With Illustrations, 
large 8vo, i8s. 



Wm. JULIUS MICKLE, m.d., m.r.c.p. lond. . 

Member of the Medico-Psychological Association of Great Britain and Ireland ; Member of 
the clinical Society, London ; Medical Superintendent, Grove Hall Asylum^ London. 

GENERAL PARALYSIS OF THE INSANE. 8vo, los. 



E. A. MORSHEAD, m.r.c.s., l.r.c.p. 

Assistant to the Professor of Medicine in University College, London. 

TABLES OP THE PHYSIOLOGICAL ACTION OP 

DRUGS. Fcap. Svo, is. 



A. STANFORD MORTON, m.b., f.r.c.s. ed. 

Senior Assistant Surgeon, Royal South London Ophthalmic Hospital, 

REFRACTION OF THE EYE : Its DiagnoEds, aad the 

Correction of its Errors, with Chapter on Keratoscopy. Small 8vo> 
25. 6d, 



WILLIAM MURRELL, m.d., m.r.c.p., m.r.c.s. 
Lecturer on Materia Medica and Therapeutics at Westminster Hospital ; Senior Assistant 

Physician, Royal Hospital for Diseases of the Chest, 

I. 

WHAT TO DO IN CASES OP POISONING. Second 

Edition. Med. 64mo, is 6d. 

II. 

NITRO- GLYCERINE AS A REMEDY FOR ANGINA 

PECTORIS. Crown Svo, 3s. 6d. [^ust published. 



WILLIAM NEWMAN, m.d. lond., f.r.c.s. 

Surgeon to the Stamford Infirmary. 

SURGICAL CASES : Mainly from the Wards of the 

Stamford, Rutland, and General Infirmary, Svo, paper boards, 4s. 6d. 



DR. FELIX von NIEMEYER. 

Late Professor of Pathology and Therapeutics ; Director of the Medical Clinic of the 

University of TUbingen, 

A TEXT-BOOK OP PRACTICAL MEDICINE, WITH 

PARTICULAR REFERENCE TO PHYSIOLOGY AND PATHO- 
LOGICAL ANATOMY. Translated from the Eighth German Edition, 
by special permission of the Author, by George H. Humphrey, M.D., 
and Charles E. Hackley, M.D., Revised Edition, a vols., large Svo, 368. 
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C. F. OLDHAM, m.r.cs., l.r.c.p. 

Surgeon H,M. Indian Forces ; late in Medical charge of the Dalhousie Sanitariam, 

WHAT IS MATiABTA P and why is it most intense in 

hot climates ? An explanation of the Nature and Cause of the so- 
called Marsh Poison, with the Principles to be observed for the Preser- 
vation of Health in Tropical Climates and Malarious Districts. Demy 
8vo, 78. 6d. 



G. OLIVER, M.D., M.R.C.P. 



THE HABBOGATl! WATEBS : Data Chemical and Therapeu- 
tical, with notes on the Climate of Harrogate. Addressed to the 
Medical Profession. Crown 8vo, with Map of the Wells, 35. 6d. 



JOHN S. PARRY, m.d. 

Obstetrician to the Philadelphia Hospital^ Vice-President of the Obstetrical and Pathologi- 
cal Societies of Philadelphia, &c. 

EXTBA-UTEBINE PREGNANCY ; Its Causes, Species, 

Pathological Anatomy, Clinical History, Diagnosis, Prognosis and 
Treatment. 8vo, 8s. 



E. RANDOLPH PEASLEE, m.d., ll.d. 
Late Professor of Gynecology in the Medical Department of Dartmouth College ; President 

of the New York Academy of Medicine^ &c., &c. 

OVABIAN TUMOURS : Their Pathology, Diagnosis, and 

Treatment, especially by Ovariotomy. Illustrations, roy. Svo, 165. 



R. DOUGLAS POWELL, m.d., f.r.c.p. lond. 

Physician to the Hospital for Consumption and Diseases of the Chest at Brompton^ 
Assistant Physician to the Middlesex Hospital. 

ON CONSUMPTION AND ON CEBTAIN DISEASES 

OF THE LUNGS AND PLEURA. Being a Second Edition 
revised and extended of " The Varieties of Pulmonary Consumption.*' 
Illustrated by woodcuts and a coloured plate, Svo, gs. 



AMBROSE L. RANNEY, a.m., m.d. 
Adjunct Professor of Anatomy in the University of New York, etc, 

THE APPLIED ANATOMY OF THE NEBVOUS SYS- 
TEM, being a study of this portion of the Human Body from a stand- 
point of its general interest and practical utility, designed for use as 
a Text-book and a Work of Reference. With 179 Illustrations, Svo, 
20s. iy^si puhlished. 
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RALPH RICHARDSON, m.a., m.d. 

Fellow of the College of Pkysi/cians, Edinburgh, 

ON THE NATURE OP LIFE : An Introductory Chap- 
ter to Pathology. Second Edition, revised and enlarged. Fcap. 4to 
los. 6d. 

W, RICHARDSON, m.a., m.d., m.r.c.p. 
REMARKS ON DIABETES, ESPECIALLY IN REFER- 
ENCE TO TREATMENT. Demy 8vo, 4s. 6d. 



SYDNEY RINGER, m.d. 

Professor of the Principles and Practice of Medicine in University College; Physician to, 
and Professor of Clinical Medicine in. University College Hospital, 

I. 

A HANDBOOK OP THERAPEUTICS: Ninth Edition, 

8vo, 15s. ly^tst published, 

II. 

ON THE TEMPERATURE OP THE BODY AS 

A MEANS OF DIAGNOSIS AND PROGNOSIS IN PHTHISIS 

Second Edition, small 8vo, 2S. 6d. 



FREDERICK T. ROBERTS, m.d., b.sc, f.r.c.p. 

Examiner in Medicine at the Royal College of Surgeons ; Professor of Therapeutics in 
University College ; Physician to UniverAty College Hospital ; Physictan to 
Brampton Consumption Hospital, &c. 

A HANDBOOK OP THE THEORY AND PRACTICE 

OF MEDICINE. Fourth Edition, with Illustrations, 2 vols., Svo, 228. 



D. B. St. JOHN ROOSA, m.a., m.d. 

Professor of Diseases of the Eye and Ear in the University of the City of New York ; Surgeon 
to the Manhattan Eye and Ear Hospital ; Consulting Surgeon to the Brooklyn Eye 

and Ear Hospital. &c., &c. 

A PRACTICAL TREATISE ON THE DISEASES OF 

THE EAR, including the Anatomy of the Organ. Fourth Edition, 
Illustrated by wood engravings and chromo-lithographs, large Svo, 22s. 



J, BURDON SANDERSON, m.d., ll.d., f.r.s. 

Jodrell Professor of Physiology in University College, London. 

I. 

SYLLABUS OP A COURSE OP LECTURES ON PHY- 
SIOLOGY. Second Edition, Svo, 4s. 

II. 

UNIVERSITY COLLEGE COURSE OP PRACTICAL 

EXERCISES IN PHYSIOLOGY. With the co-operation of F. J. M. 
Page, B.Sc, F.C.S. ; W. North, B.A., F.C.S., and Aug. Waller, M.D. 
Demy Svo, 3s. 6d. 



ALDER SMITH, m.b. lond., f.r.c.s. 
Resident Medical Officer, Chrisfs Hospital, London, 

RINGWORM : Its Diagnosis and Treatment. 

Second Edition, rewritten and enlarged. With Illustrations, fcap. Svo, 
4s. 6d. {.y^it published 
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J. luKWIS SMITH, M.D. 

PkystcuM to the N$w York Infants' Hospital; Clinical Lecturer on Diseases of Children 

in Bellevue Hospital Medical College. 

A TREATISE ON THE DISEASES OP INFANCY 

AND CHILDHOOD. Fifth Edition, with lUustratioos, large 8vo, ais. 



JAMES STARTIN, m.b., m.r.c.s. 

Surgeon and Joint Lecturer to St. John's Hospital for Diseases of the Skin. 

LECTUBES ON THE PARASITIC DISEASES OP 

THE SKIN. VEGETOID AND ANIMAL. With Illustrations, 
Crown 8vo, 3 s. 6d. 



LEAA/'IS A. STIMSON, b.a., m.d. 

Surgeon to the Presbyterian Hospital ; Professor of Pathological Anatomy in the Medical 

Faculty of the University of the City of New York. 

A MANUAL OP OPERATIVE SURGERY. With three 

hundred and thirty-two Illustrations. Post 8vo, los. 6d. 



HUGH O^A^EN THOMAS, m.r.c.s. 

I. 

DISEASES OP THE HIP, KNEE, AND ANKLE 
JOINTS, with their Deformities, treated by a new and efficient method. 
With an Introduction by Rushton Parker, F.R.C.S., Lecturer on Sur- 
gery at the School of Medicine, Liverpool. Third Edition, 8vo, 25s. 

II. 

THE PAST AND PRESENT TREATMENT OP IN- 
TESTINAL OBSTRUCTIONS, REVIEWED, with an Improved 
Treatment Indicated. Second Edition, 8vo, los. 6d. 



J. C. THOROWGOOD, m.d. 

Assistant Physician to the City of London Hospital for Diseases of the Chest. 

THE CLIMATIC TREATMENT OP CONSUMPTION 
AND CHRONIC LUNG DISEASES. Third Edition, post 8vo, 38 6d. 
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J. ASH BURTON THOMPSON, m.r.c.s. 

Late Surgeon at King's Cross to the Great Northern Railway Company. 

FREE PHOSPHORUS IN MEDICINE WITH SPE- 
CIAL REFERENCE TO ITS USE IN NEURALGIA. A contribution 
to Materia Medica and Therapeutics. An account of the History, Phar- 
maceutical Preparations, Dose, Internal Administration, and Therapeu- 
tic uses of Phosphorus ; with a Complete Bibliography of this subject, 
referring to nearly 200 works upon it, Demy 8vo, 78. 6d. 



LAURENCE TURNBULL, m.d., ph.g. 

Aural Surgeon to Jefferson Medical College Hospital, &c., &c. 

ARTIFICIAL ANJESTHESIA : A Manual of Aneesthetio 

Agents, and their Employment in the Treatment of Disease. Second 
Edition, with Illustrations, crown 8vo, 6s. 



W. H. VAN BUREN, m.d., ll.d. 

Professor of Surgery in the Bellevue Hospital Medical College. 

DISEASES OP THE RECTUM : And the Surgery of 

the Lower Bowel. Second Edition, with Illustrations, 8vo, 14s. 

[yust published. 



RUDOLPH VIRCHO\A^, m.d. 

Professor in the University, and Member of the Academy of Sciences of Berlin, &c., &c, 

INFECTION - DISEASES IN THE ARMY, Chiefly 

Wound Fever, Typhoid, Dysentery, and Diphtheria. Translated from 
the German by John James, M.B., F.R.C.S. Fcap. 8vo, is. 6d. 



ALFRED VOGEL, m.d. 

Professor of Clinical Medicine in the University of Dorpat, Russia. 

A PRACTICAL TREATISE ON THE DISEASES OF 

CHILDREN. Translated and Edited by H. Raphael, M.D. From 

the Fourth German Edition, illustrated by six lithographic plates, part 
coloured, large 8vo, i8s. 



A. DE ^A/^ATTEVILL.E, m.a., b.sc, m.r.c.s. 

Assistant Physician to the Hospital for Epilepsy and Paralysis, late Electro-Therapeutical 

Assistant to University College Hospital. 

A PRACTICAL INTRODUCTION TO MEDICAL 

ELECTRICITY. Second Edition. [In Preparation. 
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W. SPENCER WATSON, f.r.c.s. eng., b.m. lond. 

Surgeon to the Great Northern Hospital; Surgeon to the Royal South London Ophthalmic 

Hosplttal, 

I. 

DISEASES OF THE NOSE AND ITS ACCESSOBY 

CAVITIES. Profusely Illustrated. Demy 8vo, i8s. 

II. 
EYEBALL-TENSION: Its Effects on the Sight and its 
Treatment. With woodcuts, p. 8vo, 2s. 6d. '• 

III. 
ON ABSCESS AND TUMOUBS OF THE OBBIT. Post 
Svo, 2S. 6d. 



DR. F. ^A/^INCKEL. 

Formerly Professor and Director of the Gymecological Clinic at the University of Rostock, 

THE PATHOLOGY AND TBEATMENT OP CHILD- 
BED : A Treatise for Physicians and Students. Translated from the 
Second German edition, with many additional notes by the Author, 
by J. R. Chadwick, M.D., Svo, 14s. 



ED\A^ARD ^A/'OAKES, m.d. lond. 

Surgeon to the Ear Department of the Hospital for Diseases of the Throat and Chest; and 

Surgeon to the Hospital. 

ON DEAFNESS, GIDDINESS AND NOISES IN THE 

■ 

HEAD. Third Edition, with Illustrations. [In preparation. 



E T. WILSON, B.M. oxoN., f.r.c.p. lond. 

Physician to the Cheltenham General Hospital and Dispensary. 

DISINFECTANTS AND HOW TO USE THEM. In 

Packets of one doz. price is. 



Clinical Charts For Temperatxire Observations, etc. 

Arranged by W. Rigden, M.R.C.S. Price 7s. per 100, or is. per 

dozen. 

Each Chart is arranged for four weeks, and is ruled at the back for making notes of 
cases ; they are convenient in size, and are suitable both for hospital and private practice. 



•»♦ Mr. Lewis has transactions with the leading publishing firms in 
America for the sale of his publications in that country. Arrangements 
are made in the interests of Authors either for sending a number of copies 
of their works to the United States, or having them reprinted there, as may 
be most advantageous. 

Mr. Lewis's publications can be procured of any bookseller in any part of 
the world. 
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